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the  head  gates  dam.  Direct  shear  tests  were  performed  on  the  material  and  a 
cohesion  of  0.22  tsf  and  an  angle  of  internal  friction  of  27  deg  were  obtained 
from  the  test  results.  The  base  of  the  head  and  taintor  gate  dam  was  found 
with  borings  to  be  significantly  different  than  that  shown  on  original  working 
drawings.  Of  26  borings  through  the  head  and  taintor  date  dam,  20  showed  the 
base  elevation  of  the  dam  to  be  deeper  than  that  shown  on  the  working  drawings. 
Six  borings  through  the  head  gate  dam  showed  the  base  of  the  dam  to  be  resting 
on  the  loosely  cemented  sand  and  as  much  as  5.3  ft  above  the  base  elevation 
shown  on  the  original  working  drawings. Scour  borings  behind  the  dam  showed  no 
undercutting  at  selected  locations.  Nopcovered  scoured  areas  were  detected  at 
selected  locations.  A  study  of  the  foundation  condition  was  made. 
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PREFACE 


This  testing  program  entitled  "Concrete  and  Rock  Tests,  Major 
Rehabilitation  of  Starved  Rock  Lock  and  Dam,  Illinois  Waterway,  Chicago 
District,  Phase  II  Compliance,  Scour  Detection"  was  conducted  for  the 
U.  S.  Army  Engineer  District,  Chicago.  The  compliance  work  was  autho¬ 
rized  by  DA  Form  2544  No.  NCC- LA-77-31,  dated  5  April  1977;  the  scour 
detection  work  was  authorized  by  DA  Form  2544  No.  NCC-IA-78-57,  dated 
7  June  1978. 

Drilling  was  conducted  under  the  direction  of  Mr.  M.  A.  Vispi 
by  members  of  the  staff  of  the  Geotechnical  Laboratory  (GL)  of  the 
U.  S.  Army  Engineer  Waterways  Experiment  Station  (WES)  during  the 
period  June  1977  through  July  1977  for  compliance  holes  and  July  1978 
through  September  1978  for  scour  holes.  Laboratory  tests  were  performed 
at  the  Structures  Laboratory  (SL)  and  the  GL  during  the  period  September 
1978  through  November  1978  under  the  direction  of  Messrs.  Bryant  Mather, 
Chief,  Structures  Laboratory,  and  J.  M.  Scanlon ,  Chief,  Engineering 
Mechanics  Division.  Mr.  G.  P.  Hale  supervised  the  laboratory  testing 
conducted  in  the  GL;  Mr.  R.  L.  Stowe  was  Project  Leader  and  was  assisted 
in  performing  laboratory  work  at  the  SL  by  Messrs.  F.  S.  Stewart  and 
J.  B.  Eskridge  and  Ms.  B.  A.  Pavlov.  This  report  was  prepared  by 
Mr.  Stowe  and  Ms.  Pavlov. 

The  Commanders  and  Directors  of  WES  during  the  conduct  of  the  in¬ 
vestigation  and  the  preparation  and  publication  of  this  report  were 
COL  J.  L.  Cannon,  CE,  and  COL  N.  P.  Conover,  CE.  Mr.  F.  R.  Brown  was 


Technical  Director. 
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CONVERSION  FACTORS,  INCH-POUND  TO  METRIC  (SI) 
UNITS  OF  MEASUREMENT 


Inch-pound  units  of  measurement  used  in  this  report  can  be  converted 
to  metric  (SI)  units  as  follows: 


_ Multiply 

cubic  feet 
degrees  (angle) 


feet  per  second 

miles  (US  statute) 

pounds  (force)  per 
square  inch 

pounds  (mass)  per 
cubic  foot 

square  feet 


tons  (force)  per 
square  foot 


_ B* _ 

0.02831685 

0.0174533 

0.3048 

0.3048 

1.609344 

0.006894757 

16.01846 

0.09290394 

0.09511274 


_ To  Obtain _ 

cubic  metres 

radians 

metres 

metres  per  second 
kilometres 

megapascals 

kilograms  per  cubic  metre 
square  metres 

megapascals 
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CONCRETE  AND  ROCK  CORE  TESTS.  MAJOR  REHABILITATION  OF 
STARVED  ROCK  LOCK  AND  DAM 
ILLINOIS  WATERWAY,  CHICAGO  DISTRICT 
PHASE  II  COMPLIANCE,  SCOUR  DETECTION 

PART  I :  INTRODUCTION 

Location  of  Study  Area 

•k 

1.  The  Starved  Rock  Lock  and  Dam  site  is  located  some  8  miles 
west  of  Ottawa,  Illinois,  in  LaSalle  County,  Illinois.  The  site  is  near 
mile  231  on  the  Illinois  River;  the  approximate  driving  distance  is 
about  85  miles  southwest  of  Chicago. 

Background 

2.  At  a  meeting  held  at  the  offices  of  the  U.  S.  Army  Corps  of 
Engineers  Chicago  District  (NCC),  on  11  February  1977,  representatives 
of  the  Structures  Laboratory  (SL)  and  the  Geotechnical  Laboratory  (GL) 
of  the  Waterways  Experiment  Station  (WES)  were  requested  to  submit  a 
proposal  for  work  to  assist  the  Chicago  District  in  connection  with  con¬ 
crete  and  rock  exploration  and  laboratory  testing.  The  work  was  accom¬ 
plished  in  two  phases.  Phase  I  work  concerned  concrete  and  rock  explo¬ 
ration  and  laboratory  testing  for  a  major  rehabilitation  of  the  Starved 
Rock  Lock  and  Dam  (resurfacing,  stabilizing  lower  approach  wall  with 
grouted  prestressed  tendons,  etc.).  The  Phase  I  work  is  completed  and 
results  of the  work  are  given  in  Reference  1.  Phase  II  work  concerned 
drilling  and  laboratory  testing  to  comply  with  certain  Office,  Chief  of 


A  table  of  factors  for  converting  inch-pound  units  of  measurement  to 
metric  (SI)  units  is  presented  on  page  4. 

The  Chicago  District  is  in  the  North  Central  Division,  and  the  of¬ 
fice  symbol  is  NCC. 


Engineers  (OCE) ,  and  North  Central  Division  (NCD)  comments  as  outlined 
in  Reference  2.  A  study  of  the  foundation  condition  was  also  made. 

3.  The  Phase  II  work  involved  drilling  and  then  testing  of  con¬ 
crete  and  bedrock  for  purposes  of  obtaining  certain  characterization 
properties  and  engineering  design  properties  as  outlined  on  pages  53  and 
54  in  Reference  2.  Bedrock  would  be  tested  if  found  to  be  significantly 
different  than  bedrock  tested  and  reported  on  in  References  1  through  3. 
The  District  will  check  previous  structural  stability  analyses  if  cer¬ 
tain  rock  properties  differ  significantly  from  those  reported  in  Refer¬ 
ence  2  or  if  new  weaker  materials  are  found  and  tested. 

4.  Subsequent  to  the  February  meeting,  a  scour  detection  study 
was  initiated  by  the  District  as  part  of  its  ongoing  investigation  at 
Starved  Rock  Lock  and  Dam.  A  similar  study  was  conducted  at  the  Brandon 
Road  and  Dresden  Island  Dams.  In  September  1977,  WES  was  asked  to 
assist  the  NCC  by  drilling  bedrock  cores  in  scoured  areas  behind  the 
taintor  gate  dam.  Careful  examination,  together  with  knowledge  of  the 
local  geology,  could  possibly  indicate  boulders  within  or  covering 
scoured-out  holes.  Soundings  made  in  1959,  1974,  and  those  made  in 
1977  showed  relatively  deep  scouring  just  downstream  (D/S)  of  taintor 
gate  bays  8,  9,  and  10. 

5.  At  the  completion  of  the  Phase  II  and  scour  detection  studies, 
recommendations  were  made  by  the  District  to  drill  additional  borings  in 
the  head  gate  and  taintor  gate  sections.  These  borings  were  necessary 
to  verify  the  base  elevation  of  the  dam  and  confirm  the  type  of  bedrock 
beneath  the  dam.  Borings  were  made  and  the  information  gathered  from 
them  is  incorporated  in  this  report.  This  report  presents  the  results 
of  the  Phase  II  study  and  the  results  of  the  scour  detection  study  de¬ 
scribed  in  paragraph  4.  Geological  information  obtained  from  these  two 
studies  and  the  Phase  I  study  was  integrated  with  geological  information 
gathered  from  References  2  through  6  to  make  an  evaluation  of  the 
foundation  condition.  Attempts  were  made  to  gather  additional  informa¬ 
tion  on  the  foundation  condition.  The  State  of  Illinois,  the  NCC,  and 
the  Joliet  Project  Office  (representatives  of  the  operator,  which  is 

the  U.  S.  Government),  and  the  Illinois  Geological  Survey  were  contacted. 
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Little  geological  information  was  obtained  dating  back  to  the  time  of 
the  actual  excavation  for  the  lock  and  dam. 


Obj ectives 


6.  The  objectives  of  the  Phase  II  study  (complying  with  certain 
OCE  and  NCD  comments)  were  to: 

a.  Conduct  limited  drilling  for  laboratory  testing  of  con¬ 
crete  and  foundation  rock.  The  rock  would  be  tested  if 
found  to  be  different  than  rock  previously  observed  at 
the  lock  and  dam  site. 

b.  Make  an  analysis  of  tests  conducted,  a  summary  of  the  con¬ 
crete  condition  at  specific  locations,  and  an  evaluation 
of  the  foundation  using  available  geological  information. 


The  objective  of  the  scour  detection  study  was  to  ascertain  the  top  of 
sound  rock  and  the  presence  of  boulders  at  specific  locations  behind 
the  taintor  gate  dam  structure. 


Scope 

7.  The  compliance  and  scour  detection  drilling  (4  and  18  borings, 
respectively)  was  accomplished  using  a  WES  drilling  crew,  plant,  and 
supplies.  NCC  Construction  and  Operation  Division  supplied  the  floating 
plant  assistance  for  drilling  on  the  river.  A  Bureau  of  Reclamation 
geologist  on  contract  to  WES  logged  and  preserved  the  core  for  testing 
during  the  compliance  drilling.  A  WES  geologist  performed  similar  duties 
during  the  s<^ur  detection  drilling.  The  core  was  transported  to  the 
WES  as  soon^M  feasible  after  drilling  was  completed  for  each  job. 

8.  The  objectives  of  the  compliance  study  were  accomplished  by 
drilling  concrete  and  bedrock  core  and  by  conducting  characterization 
property  tests  (unit  weight,  compressional  wave  velocities,  and  compres¬ 
sive  strength  tests)  and  engineering  design  tests  (moduli,  Poisson's 
ratio,  and  direct  shear  tests).  Direct  shear  tests  were  conducted  on 
intact  core  and  core  containing  thin  shale  seams. 


9.  The  scour  detection  objective  was  accomplished  by  drilling 
and  then  performing  a  detailed  examination  of  the  bedrock  to  determine 
if  the  drilled  rock  had  been  recently  disoriented.  Information  obtained 
during  drilling  was  used  in  determining  if  scoured  holes  were  present 

at  selected  drill  locations. 

10.  A  study  was  made  to  consolidate  and  evaluate  engineering  in¬ 
formation,  geologic  and  boring  data,  and  laboratory  test  data  as  they 
relate  to  the  foundation  conditions  at  the  Starved  Rock  Lock  and  Dam. 
Available  construction  and  engineering  data  records  were  reviewed. 
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PART  II:  DRILLING  AND  EXPLORATION 


Previous  Exploration 

11.  From  available  information  it  was  learned  that  36  borings 
were  made  by  the  State  of  Illinois  in  1921  in  connection  with  original 
construction  of  the  lock  and  dam.  Forty  percent  of  the  borings  were 
drilled  to  a  depth  of  about  25  ft,  30  percent  to  a  depth  of  about  40, 
and  the  remaining  30  percent  up  to  depths  of  65  ft.  The  boring  logs  do 
not  provide  for  an  engineering  evaluation  of  the  bedrock  or  the  over¬ 
burden;  detail  is  lacking  from  graphic  representation  of  these  borings. 
The  top  of  bedrock,  the  type  of  rock  encountered,  and  the  top  of  a  sand¬ 
stone  bed  in  dolomite  is  in  good  agreement  with  the  more  recent  informa¬ 
tion  gathered  by  the  NCC  and  the  WES  drilling  efforts. 

12.  In  addition  to  the  original  exploration  conducted  by  the 
State  of  Illinois,  drilling  was  performed  by  the  NCC  in  1971-1972  and 
in  1974  through  contract  drilling  by  a  private  concern;  the  WES  con¬ 
ducted  two  separate  drilling  operations  in  1977  and  1978. 

13.  The  1971-1972  drilling  by  the  NCC  was  for  purposes  of: 

a_.  Obtaining  a  foundation  appraisal  of  the  bedrock  and 
backfill. 

_b.  Providing  design  parameters  for  use  in  a  structural 
stability  analysis. 

Thirteen  borings  were  put  down,  11  in  the  backfill  adjacent  to  the  lock 

and  2  in  front  of  the  taintor  gate  dam  section;  7  borings  were  in  support 

of  the  foundation  appraisal  and  6  for  purposes  of  installing  piezometers. 

Six  borings  were  drilled  into  bedrock  while  the  others  were  put  into 

overburden.  Nineteen  borings  were  drilled  on  the  land  side  of  the  lock 

3 

in  1974  in  connection  with  the  proposed  Duplicate  Locks  program. 
Foundation  core  was  sampled  for  purposes  of  conducting  laboratory  tests 
appropriate  for  those  bedrock  conditions  revealed  in  the  core.  A  sum¬ 
mary  of  the  foundation  condition  was  also  made  during  the  Duplicate 

3 

Locks  investigation. 


14.  The  WES  drilling  was  In  support  of  the  Phase  I  major  rehabili¬ 
tation  (see  paragraph  2)  of  this  report.  During  the  rehabilitation  study 
nine  vertical  borings  were  put  into  bedrock.  Five  borings  were  put 
through  and  behind  the  lower  approach  wall;  two  went  through  the  con¬ 
crete  wall  into  bedrock  and  three  were  put  down  in  the  backfill  adja¬ 
cent  to  the  wall.  Four  borings  were  put  down  into  bedrock  behind  (down¬ 
stream)  of  the  taintor  gate  dam  section. 

Current  Drilling 

15.  Drilling  equipment  consisted  of  an  Acker  Toredo  Mark  II  skid- 
mounted  rotary  drill  rig.  A  Diamond  Core  Drill  Manufacturers  Association 
standard  6-in.  by  7-3/4-in.  double  tube  swivel  tube  core  barrel  was  used 
with  diamond  bits  to  obtain  the  concrete  and  bedrock  core.  Access  to 
the  drill  holes  was  by  a  marine  floating  plant  and  for  holes  on  top  of 
structures  by  crane.  Floating  plant  was  supplied  by  NCC.  Continuous 
samples  were  obtained  in  all  borings.  Eight-inch  casing  was  set  in  the 
bedrock  when  necessary  to  keep  a  boring  open. 

16.  Twenty  borings  were  drilled  during  the  compliance  phase  of 
the  study;  4  were  scheduled  originally  and  17  added  at  the  end  of  the 
study  to  confirm  base  elevations.  Of  the  four  borings  originally  sched¬ 
uled  to  be  drilled  during  the  compliance  study,  only  three  were  completed, 
as  L-l  (through  land  lock  wall)  was  drilled  during  the  Phase  I  work  (see 
paragraph  21,  Reference  1,  for  explanation).  The  remaining  three  borings, 
D-ll,  D-12,  and  D-13,  were  drilled  through  the  head  gate  dam  structure, 
the  sixth  taintor  gate  pier,  and  the  fixed  dam  section,  respectively. 

Of  the  17  borings  added  at  the  end  of  the  compliance  study  (D-60  through 
D-76),  1  was  drilled  in  the  ice  chute  bay  area,  3  in  taintor  gate  bays, 
and  17  in  the  head  gate  dam  section. 

17.  Boring  locations  for  the  scour  detection  study  were  assigned 
within  the  scoured  areas  as  indicated  by  profiles  of  soundings  made  by 
the  NCC.  Appendix  A  contains  the  graphical  representations  cf  the  scour 
soundings  made  by  the  NCC.  Borings  were  assigned  in  areas  where  high 


peaks  and  low  valleys  were  indicated  on  the  profiles  of  soundings. 
Generally,  one  boring  per  taintor  gate  bay  was  drilled. 

18.  The  scour  detection  drilling  consisted  of  18  borings.  Seven¬ 
teen  borings  were  put  down  behind  the  dam  and  one  in  front;  the  one  in 
front  was  drilled  to  provide  geological  information  for  an  upstream- 
downstream  geologic  cross  section.  Fourteen  borings  were  located  from 
10  to  42  ft  D/S  from  the  vertical  D/S  face  of  the  taintor  gate  piers; 
one  was  drilled  2  ft  U/S  from  this  reference  point;  and  two  were  located 
100  ft  D/S  of  this  reference  point.  One  boring  was  located  27  ft  U/S  of 
the  nose  of  pier  No.  11  and  about  15  ft  to  the  north  of  pier  No.  11. 

Five  of  the  18  borings  went  through  the  concrete  apron;  the  concrete 
averaged  12  ft  in  thickness.  A  majority  of  the  borings  were  drilled  to 
a  depth  of  about  10  ft;  eight  borings  ranged  in  depth  from  21.5  to 

70.1  ft.  Most  of  these  deeper  borings  were  taken  25  ft  into  bedrock. 

19.  Borings  for  installing  extensometers  were  drilled  in  the 
summer  1978,  and  information  from  the  borings  is  included  in  this  report 
for  completeness.  The  instrumentation  drilling  consisted  of  seven 
borings.  Three  horizontal  borings  were  drilled  through  taintor  gate 
pier  No.  11  (southernmost  pier)  continuing  into  the  abutment.  The  con¬ 
crete  varied  in  thickness  from  7.0  to  8.5  ft;  these  three  borings  were 
taken  to  50-ft  depths. 

20.  Total  footage  drilled  during  the  compliance  study,  the  scour 
study,  and  the  instrumentation  study  was  1159.0  ft.  Of  this  total  foot¬ 
age,  538  ft  of  concrete,  606  ft  of  bedrock,  and  15  ft  of  silt  were 
drilled.  Selected  portions  of  the  concrete  and  all  the  bedrock  were 
preserved  for  possible  laboratory  testing  during  the  compliance  drill¬ 
ing.  The  concrete  drilled  during  the  scour  study  was  not  wrapped  nor 
was  the  badly  broken  bedrock;  almost  all  intact  bedrock  was  preserved. 

21.  Procedures  for  handling  the  field  samples  and  preserving  core 
for  testing  were  the  same  as  presented  in  Reference  7.  Color  photographs 
of  all  core  recovered  are  included  in  a  notebook  as  Exhibit  A  to  this 
report  for  the  scour  detection  core.  Photos  for  the  core  recovered  during 
the  compliance  drilling  are  contained  in  Exhibit  A  to  the  Phase  I  major 
rehabilitation  report  for  Starved  Rock  (see  Reference  1).  Exhibits  B 
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and  C  contain  the  field  core  logs  for  the  compliance  and  scour  detection 
studies;  the  three  exhibits  are  on  file  at  the  NCC. 

22.  Core  recovery  was  good  in  the  concrete  and  bedrock  for  the 
borings  in  the  lower  approach  wall,  lock  structure,  ice  chute,  and 
taintor  gate  structure.  The  average  core  recovery,  using  total  footage 
of  concrete  and  bedrock,  was  98.5  percent.  Core  recovery  in  the  head 
gate  structure,  using  total  footage  of  concrete  and  bedrock,  was  94.8 
percent.  Relatively  speaking,  there  is  little  difference  between  the 
recovery  in  the  head  gates  area  and  the  rest  of  the  lock  and  dam  struc¬ 
tures.  However,  when  core  recovery  in  the  head  gate  area  is  based  on 
bedrock  footage,  a  significant  difference  exists.  Using  only  bedrock 
footage  from  the  head  gate  structure,  core  recovery  is  85.2  percent.  The 
core  loss  occurred  in  a  very  friable,  loosely  cemented  sandstone  that  is 
fine-grained  and  varied  in  color  from  black,  dark  gray  to  light  gray, 
green,  and  white.  A  2.9-ft  loss  in  one  boring  in  the  head  gates  struc¬ 
ture  occurred  at  the  concrete-bedrock  interface.  Two  other  borings  show 
core  loss  beginning  at  0.7  and  0.9  ft  from  the  interface.  An  average 
loss  of  2.2  ft  occurred  in  13  of  the  15  borings  in  the  head  gate 
structure. 

23.  Available  information  from  seven  projects  at  Starved  Rock  for 
which  borings  were  made,  the  number  of  borings,  and  the  boring  series 
numbers  are  given  in  the  following  list: 


Project  (Agency) 

Year 

No.  of 
Borings 

Boring  Series  No. 

Original  Construction 

1921 

36 

1-36 

(State  Illinois) 

Structural  Stability 

1971-1972 

7 

SACSR-1,  through  -7 

Analysis  (NCC) 

Duplicate  Locks  (NCC) 

1974 

19 

CSR-1-74  through  -19-74 

Phase  I,  Major 

Rehabilitation  (WES) 

1977 

9 

SR  WES  GW-1,  2-77 

SR  WES  GWB-1,  through  3-77 
SR  WES  D-14  through  D-17-77 

Phase  II,  Compliance  (WES) 

1977 

4 

SR  WES  L-l-77 

SR  WES  D-ll  through  D-13-77 

12 
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No.  of 

Project  (Agency) 

Year 

Borings 

% 

1979 

17 

SR 

Scour  Detection  (WES) 

1978 

18 

SR 

Left  Dam  Abutment 

1978 

7 

SR 

Instrumentation  (WES) 


Boring  Series  No. 

WES  D-60  through  D-76-79 
WES  D-35  through  D-52-78 
WES  D-53  through  D-59-78 


24.  Table  1  is  a  listing  under  each  project  of  the  above-listed 
borings;  the  State  of  Illinois  borings  are  not  included  due  to  lack  of 
information.  The  following  information  is  presented  for  each  boring: 
the  boring  type  symbol,  the  location  by  structure,  the  elevation  of  the 
top  of  boring,  the  elevation  top  of  rock,  and  the  elevation  bottom  of 
rock,  and  the  date  when  the  boring  was  started. 

25.  Figure  1  shows  the  relative  location  of  every  boring  listed 

in  Table  1  plus  the  original  construction  borings.  More  precise  locations 
for  the  NCC  and  WES  borings  are  shown  in  key  plan  views  on  the  log  of 
borings.  The  logs  of  borings  for  the  compliance  and  scour  detection 
studies  are  shown  in  profile  in  Plates  1  through  7g.  The  logs  of 
borings  for  selected  holes  drilled  during  the  Phase  I  rehabilitation 
study  are  also  presented  in  Plates  1  through  4. 
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FIGURE  1 


PART  III:  SCOUR  DETECTION  RESULTS 


j  26.  The  scour  detection  drilling  supplied  information  about  the 

'  top  of  sound  rock  at  specific  locations  behind  the  taintor  gate  dam. 

►  Geological  information  obtained  from  the  borings  was  used  along  with 

♦ 

similar  information  from  other  borings  at  the  lock  and  dam  site  in  making 
an  evaluation  of  the  foundation.  This  part  of  the  report  deals  with  the 
top  of  rock  and  the  scouring.  In  response  to  inquiries  made  of  the 
Chicago  District  and  the  Joliet  Project  Office,  it  was  learned  that  no 
information  was  available  concerning  the  possible  filling  of  scoured 
areas  at  the  Starved  Rock  Dam.  Corps  personnel  contacted  did  not  know 
whether  the  State  of  Illinois  (original  owners)  or  the  Corps  placed  any 
stone  or  other  fill  behind  the  dam  to  fill  scoured  areas. 

27.  No  evidence  of  displaced  or  recently  (post-dam  construction) 
disoriented  rock  blocks  was  found  during  the  drilling  of  the  scour  detec¬ 
tion  borings.  The  scour  borings  showed  that  the  top  4  ft  of  bedrock 
consisted  of  friable  sandstone,  loose  material  or  hard  dolomite  and 
sandstone.  Of  the  17  borings  drilled  behind  the  dam,  5  contained  fria¬ 
ble  sandstone,  4  contained  loose  material,  2  contained  hard  dolomite, 
and  1  contained  moderately  hard  sandstone.  The  remaining  five  borings 
were  drilled  through  concrete.  The  loose  material  includes  sand,  sand¬ 
stone,  dolomite,  metal  pieces,  and  metamorphic  rocks.  Some  of  the  mate¬ 
rial  is  local  bedrock  (the  sandstone,  sand,  and  dolomite).  The  remainder 
is  rock  and  debris  presumably  transported  by  the  river.  The  loose  mate¬ 
rial  is  located  downstream  of  the  taintor  gates  9  and  10.  The  thickest 
accumulation  (4  ft)  of  this  material  was  found  17  ft  downstream  of  the 
apron  of  gate  No.  10. 

28.  The  NCC  conducted  scour  soundings  in  1959,  1974,  and  again  in 
1977.  In  comparing  the  results  of  the  current  scour  detection  study 
and  the  1977  sounding  results,  large  discrepancies  are  seen.  Depths  of 
scouring  were  compared  whenever  a  WES  drill  site  intersected  a  profile 
traverse  (taken  perpendicular  to  the  dam)  made  by  the  NCC.  Of  the  11 
borings  drilled  directly  into  bedrock,  only  2  top  of  rock  elevations 
matched  the  1977  sounding  elevations.  Four  borings  are  within  2  to  3  ft, 
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four  borings  are  within  7  to  9  ft,  and  one  boring  is  within  13  ft  of  the 
1977  sounding  elevations.  When  the  same  WES  data  is  compared  to  the  1974 
soundings,  the  difference  is  considerably  smaller  for  a  number  of  compari¬ 
sons;  i.e.,  the  largest  difference  (13  ft)  becomes  1  ft.  The  NCC  and 
WES  top  of  apron  elevations  are  within  several  inches,  which  indicates 
both  parties  used  the  same  reference  elevations.  The  discrepancies  in 
elevations  between  the  previous  soundings  and  the  current  WES  work  could 
be  attributed  to  the  highly  irregular  surface  of  the  bedrock  just  down¬ 
stream  of  the  dam  section.  This  is  somewhat  reasonable  due  to  the  pres¬ 
ence  of  the  friable  and  sometimes  highly  fractured  sandstone  in  this 
area.  Large  discrepancies  could  easily  occur  with  high  narrow  ridges 
running  perpendicular  to  the  dam.  For  example,  if  one  profile  line  was 
run  several  feet  to  one  side  of  a  previous  line,  and  one  line  was  on  a 
high  ridge  while  one  line  was  in  a  trough,  then  large  differences  in 
elevations  would  be  observed. 

29.  Five  borings  were  drilled  through  the  concrete  apron  into 
bedrock  for  purposes  of  detecting  possible  undercutting  of  the  apron  and 
ascertaining  apron  thickness.  The  contact  between  concrete  and  bedrock 
was  tight  in  all  five  borings,  i.e.,  borings  D-38,  D-41,  D-42,  D-43,  and 
D-48.  Borings  D-41,  D-42,  and  D-48  showed  the  concrete  to  be  resting 
directly  on  competent  dolomite.  Boring  D-38  contains  a  thin  green  clay 
seam  and  D-43  contains  a  thin  green  shale  seam  at  the  contact. 

30.  No  undercutting  of  the  concrete  apron  was  found  in  the  five 
borings  drilled  through  the  apron.  The  concrete  apron  thickness  shown 
on  original  working  drawings  is  5-ft  minimum.  The  five  current  borings 
through  the  apron  show  the  concrete  to  be  from  10.7  to  14.3  ft  thick. 

The  thickest  concrete  was  found  in  borings  D-41  and  D-42  located  in  gate 
bays  8  and  7,  respectively.  By  superimposing  the  original  construction 
drilling  core  record  from  boring  No.  5  in  gate  8  (see  Plate  13),  a  9-ft 
thick  clay  seam  or  lens  is  shown  from  el  417  to  426  ft.  It  is  evident 
that  the  thick  clay  in  this  area  was  removed  during  construction,  based 
on  the  fact  that  the  base  of  the  apron  was  founded  at  el  415.5  and 
416.0  ft  as  shown  in  D-41  and  D-42,  respectively.  It  is  reasonable  to 
assume  that  the  taintor  gate  pier  8  was  founded  at  the  same  elevation 

as  the  apron. 
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31.  Of  concern  during  the  Phase  I  work  was  the  1-ft  thick  clay 
bed  or  lens  found  in  the  St.  Peter  sandstone  in  boring  D-14-77  between 
el  411  and  412  ft.  The  bed  or  lens  is  located  4-ft  downstream  of  taintor 
gate  No.  8  (pier  8  was  referred  to  as  pier  No.  4  in  Reference  1).  The 
two  borings  D-41  and  D-42  were  drilled  to  investigate  the  possibility 
that  the  1-ft  thick  clay  bed  or  lens  extended  upstream  under  the  pier 
and/or  concrete  apron.  The  St.  Peter  sandstone  was  missing  just  to  the 
north  and  just  to  the  south  of  pier  8  in  borings  D-41  and  D-42.  It  is, 
therefore,  assumed  that  the  clay  found  in  D-14-77  was  either  part  of  the 
clay  body  that  was  removed  during  construction,  or  is  a  clay  lens  of 
limited  extent.  A  few  thin  (<0.1  ft)  clay  seams  are  present  in  the 
dolomite  recovered  from  borings  D-41  and  D-42.  However,  they  occur 
about  4  ft  below  the  concrete-bedrock  contact. 
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PART  IV:  GEOLOGICAL  CHARACTERISTICS 


Backfill 


32.  The  backfill  behind  the  lower  approach  wall  and  the  land  lock 
wall  is  described  in  References  1  and  2.  The  backfill  is  probably  spoil 
from  the  lock  and  dam  excavations  and  consists  of  a  mixture  of  clay,  sand, 
gravel,  and  boulders.  Recommended  design  values  for  the  backfill  are 
presented  on  page  18  in  Reference  2. 

Bedrock  Stratigraphy 

33.  The  bedrock  beneath  Starved  Rock  Lock  and  Dam  consists  of  the 
St.  Peter  sandstone  and  the  Shakopee  dolomite  Formations  of  Ordovician 
Age.  The  St.  Peter  Formation  is  represented  at  Starved  Rock  by  two  of 
its  members,  the  Tonti  and  Kress  sandstones.  The  Tonti  is  a  fine  grained, 
well  sorted,  friable  or  weakly  cemented,  porous  sandstone;  the  Tonti 
recovered  in  the  head  gate  dam  section  varies  in  color  from  dark  gray  to 
gray,  green,  and  white.  The  sandstone  has  colored  layers.  The  sandstone 
in  contact  with  the  concrete  in  the  head  gate  dam  is  dark  gray  to  gray, 
fine  grained  and  moderately  friable  to  friable;  occasional  lenses  of 
loose  sand  were  found  and  zones  of  core  loss  were  common.  Beneath  and 
interbedded  with  this  layer  is  a  light  green  to  green,  fine-grained 
sandstone  with  5  to  10  percent  clay  mixed  within  the  sandstone.  Beneath 
the  green  layer  is  a  light  gray  to  white,  fine  grained  sandstone  with 
occasional  interbedded  thin  black  layers  just  above  the  underlying  Shakopee 
dolomite.  The  Tonti  contains  few  or  no  impurities.  It  contains  some 
crossbeds.  The  Kress  Member  is  a  coarse  rubble  or  conglomerate  of  chert 

in  a  matrix  of  sand,  clay,  or  shale,  and  is  interpreted  as  a  residue  from 
the  solution  of  the  underlying  cherty  dolomite  and  sandstone. 

34.  The  Shakopee  Formation  is  a  thin  to  medium  bedded,  fine¬ 
grained,  argillaceous  to  pure,  light  brown  to  light  gray  dolomite.  It 
contains  green  to  light  gray  clay  and  shale  in  seams  that  range  from  a 
thin  film  to  1.5  ft  in  thickness.  The  term  "filled  parting,"  or  just 
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"parting,"  is  used  interchangeably  with  the  term  "seam."  About  80  percent 
of  the  filled  partings  range  from  a  film  to  <  1/8  in.  in  thickness;  about 
10  percent  of  the  filled  partings  range  from  1/8  in.  to  <  1/2  in.  in 
thickness;  and  about  10  percent  are  >  1/2  in.  in  thickness.  The  surface 
of  the  partings  (host  rock  containing  the  filler  material)  is  a  natural 
discontinuity,  normally  a  bedding  plane  separation.  The  two  surfaces 
containing  the  filler  are  generally  undulatory  in  nature,  peak  to  valley 
distance  is  about  1/2  in.,  and  have  periods  of  about  2  in.  The  peaks 
are  generally  narrow,  pointed  asperities  that  are  interlocked.  About 
80  percent  of  the  film  to  <  1/8-in.  thick  partings  are  not  uniformly 
thick;  rather,  the  filler  coats  about  60  to  70  percent  of  these  parting 
surfaces.  The  filled  partings  from  1/8  in.  to  <  1/2  in.  in  thickness 
generally  have  parting  surfaces  that  are  70  to  100  percent  coated  by  the 
filler.  Observations  of  the  thicker  seams  reveal  that  their  parting 
surfaces  are  coated  100  percent  of  the  time.  The  thinner  seams  are  con¬ 
sidered  to  be  discontinuous  across  the  foundation.  A  few  of  the  thicker 
seams  can  be  traced  over  several  hundred  feet. 

35.  The  Shakopee  also  contains  several  beds  of  medium  grained 
sandstone  and  small  quantities  of  buff-colored  siltstone.  The  sandstone 
beds  are  usually  thin  and  discontinuous,  with  the  exception  of  one  con- 
tinous  4-ft  thick  sandstone  bed.  The  Shakopee  also  contains  chert  found 
in  discontinuous  bands  and  isolated  nodules.  The  chert  is  massive  but 
at  times  becomes  oolitic  or  partly  sandy.  The  Shakopee  contains  beds  of 
conglomerate  and  breccia.  These  appear  to  have  formed  essentially  in 
place.  Algal  reefs  are  found  in  the  borings  and  range  in  thickness  from 
isolated  fragments  found  in  the  conglomerate  to  2  ft  thick. 

36.  The  contact  of  the  St.  Peter  and  the  Shakopee  Formations  repre¬ 
sents  a  major  unconformity.  This  feature  was  examined  in  detail  in  the 
resurfacing  report.^  A  general  columnar  section  of  the  St.  Peter  sand¬ 
stone  and  Shakopee  dolomite  found  in  the  general  vicinity  of  the  lock 

and  dam  is  presented  in  Figure  2. 
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Geologic  Cross  Sections 

37.  The  cross  sections  were  drawn  with  the  intention  of  not  show¬ 
ing  every  lithologic  and  structural  feature  observed  in  the  core.  To  do 
so  would  unnecessarily  clutter  the  cross  sections.  A  detailed  descrip¬ 
tion  of  the  core  is  given  in  the  log  of  borings  (Plates  1  through  7g) . 

38.  The  locations  of  the  nine  cross  sections  selected  to  illustrate 
the  foundation  conditions  at  the  lock  and  dam  are  shown  in  Figure  3. 

The  cross  sections  were  drawn  incorporating  selected  borings  from  the 
seven  projects  listed  in  paragraph  23.  The  following  tabulation  gives 
the  cross  sections,  general  location  of  section,  borings  in  sections, 
and  plate  number  of  sections. 


Plate 


Section 

General  Location 

Borings  in  Sections 

No. 

A- A' 

Dam  axis 

SACSR- 1 ,  SACSR-4  through  6, 

L-l,  D-l 1  through  17* 

8 

B-B' 

Lock  and  lower  guide  wall 

SACSR- 1  through  4,  SACSR-7, 
SACSR-4,  SACSR-7,  GWB-1,  GW-1 
and  2,  L-l 

9 

C-C' 

Dam  axis 

SACSR- 1  and  4,  L-l,  D-ll 
through  13,  D-35  through  43, 
D-45,  D-48  through  52,  D-60 
through  70,  D-71  and  73 

10 

D-D' 

Taintor  gate  dam 

D-46  through  49,  D-52,  D-58 
and  59 

11 

E-E' 

Taintor  gate  dam 

SACSR-5 ,  D-l 6  and  17,  D-51 

12 

F-F' 

Taintor  gate  dam 

5,  D-l 4  and  15,  D-41  and  42 

13 

G-G' 

Taintor  gate  dam 

6,  D-50,  D-52,  D-56  and  57 

14a 

H-H' 

Head  gate  dam 

D-73  and  74,  D-74 

14b 

I-I ' 

Head  gate  dam 

D-71  and  72,  D-76 

14c 

SACSR,  Stability  Analysis  Civil  Starved  Rock;  L,  lock;  D,  dam;  GW,  guide 
wall;  B,  backfill. 


The  first  five  letters  and  the  last  two  numerals  have  been  omitted 
from  the  WES  boring  numbers  for  purposes  of  clarity. 
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The  detailed  location  of  the  borings  can  be  found  in  the  plan  view  at 
the  top  of  each  plate.  Note  that  the  profiles  are  nonlinear  since  they 
incorporate  borings  placed  near  to  as  well  as  on  the  lock  and  dam  struc- 
;  tures.  These  sections  give  a  good  overview  of  the  bedrock  beneath  the 

installation.  Detailed  drawings  of  the  borings  are  found  on  the  log  of 
boring  sheets. 

39.  The  above  cross  sections  show  the  major  rock  types  and 
include  selected  features  such  as  reefs,  fault  zones,  solution  cavities, 
beds  and  lenses  of  shale,  clay,  sandstone,  dolomite,  and  chert  greater 
than  2  ft  thick.  It  is  difficult  or  impossible  to  trace  most  of  these 
potentially  weak  features  across  the  foundation  at  Starved  Rock  Lock  and 
Dam.  For  example,  thin  clay  and  shale  seams  found  in  one  or  more  borings 
are  not  continuous  in  adjacent  borings  and  are  therefore  considered  as 
discontinuous  features  local  in  extent. 

40.  A  shale  bed  found  in  a  number  of  boreholes  may  be  continuous 
over  the  area  of  study.  Plate  12  illustrates  one  case  where  it  was 
reasonable  to  connect  up  a  shale  bed  within  the  St.  Peter  sandstone. 

The  bed  is  traced  over  a  distance  of  about  200  ft  and  is  found  at  el 
423  to  el  429  within  this  200-ft  distance;  the  unit  ranges  in  thickness 
from  1.0  to  1.5  ft.  Other  shale  units  are  found  at  elevations  ranging 
from  414  to  435  ft,  but  it  is  not  reasonable  to  connect  these  units  up. 

A  shale  bed  in  the  Shakopee  could  be  continuous  in  the  fixed  dam  and  the 
first  one-half  section  of  the  head  gate  dam.  The  shale  is  found  at 

el  426  to  432  ft  and  ranges  in  thickness  from  0.5  to  3.5  ft.  It  is  not 
connected  between  borings  because  it  is  not  found  in  some  of  the  borings 
in  this  area. 

41.  There  were  three  other  features  observable  in  the  cross  sec¬ 
tions  which  may  be  continuous  over  the  extent  of  the  lock  and  dam. 

The  first  feature  is  a  small  displacement  fault  zone  in  the  Kress  sand¬ 
stone.  The  second  is  a  line  of  solution  cavities  in  the  Shakopee,  and 
the  third  feature  is  the  conglomerate  and  breccia  found  principally  above 
the  4-ft  sandstone  layer  in  the  Shakopee.  These  features  will  be  dis¬ 
cussed  in  greater  detail  in  paragraphs  in  the  Bedrock  Structural 
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Characteristics  Section.  One  feature  that  is  traceable  over  the  area  of 
study  is  a  4-ft  sandstone  layer  in  the  Shakopee  dolomite;  the  unit  can 
be  seen  in  Plates  9  and  10. 

Bedrock  Structural  Characteristics 


42.  Bedrock  structural  characteristics  relevant  to  the  foundation 
are  presented  in  Plates  15,  16,  and  17  for  the  scour  borings.  Structure 
sections  were  not  drawn  for  compliance  cores  because  structural  charac¬ 
teristics  of  these  cores  were  similar  to  the  structural  features  of  the 
core  described  in  the  Phase  I  program^  and  in  the  scour  program. 

43.  The  nearest  major  regional  structure  is  the  Sandwich  Fault 
Zone;  it  is  described  in  Reference  1.  As  described  in  Reference  3,  joint 
traces  and  the  orientation  of  the  Sandwich  Fault  shows  a  subparallel  re¬ 
lationship.  However,  a  study  of  surface  joint  exposures  over  a  large 
area  would  be  necessary  to  conclusively  relate  the  fault  zone  orientation 
to  the  joint  orientation.  Such  a  relationship  within  the  structural 
fabric  of  the  area  is  probable.  This  does  not  imply  specific  fault 
activity  at  the  site.  Boring  information  from  across  the  lock  and  dam 
foundation  does  not  show  evidence  of  any  major  faulting.  Small  displace¬ 
ment  faulting  is  observed  as  discussed  below. 

44.  Small  displacement  faulting  and  slickensides  in  the  bedrock 
are  common  occurrences.  The  longest  measurable  displacement  along  a 
fault  is  1.5  ft  in  D-16.  The  boring  is  located  approximately  4  ft  D/S 
of  gate  No.  3.  Slickensides  occur  in  the  clay  and  shale  seams  which  are 
abundant  in  the  bedrock.  Slickensides  occur  on  both  low  and  high  angle 
fracture  surfaces.  There  exists  in  the  Kress  sandstone  a  zone  of  small 
multiple  faults  which  occur  in  the  elevation  interval  420  ft  to  425  ft; 
displacement  is  on  the  order  of  0.5  ft.  These  small  faults  are  present 
in  borings  in  front  of  and  behind  the  dam  sections.  The  small  displace¬ 
ment  faulting  observed  in  the  core  is  considered  not  to  be  a  problem  in 
terms  of  structural  stability.  The  cause  of  the  faulting  is  not  known. 
Soft  sediment  deformation  or  unloading  phenomenon  of  the  valley  after 
glaciation  could  have  caused  the  faulting. 
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45.  Dips  in  local  bedding  range  from  <  1  to  12  deg  when  measured 
between  boreholes  at  the  St.  Peter /Shakopee  contact.  A  0.5-deg  dip  to 
the  southwest  was  measured  on  the  4-ft  sandstone  bed  in  the  Shakopee 
dolomite.  This  dip  is  consistent  with  regional  dips  cited  in  the 
literature.  The  12-deg  dip  range  in  local  bedding  is  explained  by  the 
fact  that  the  St.  Peter /Shakopee  contact  marks  a  major  unconformity,  as 
mentioned  in  the  Bedrock  Stratigraphy,  where  the  St.  Peter  rests  on  an 
irregular  erosional  surface  caused  by  solution  of  the  underlying  cherty 
dolomite. 

46.  The  4-ft  sandstone  layer  in  the  Shakopee  dips  slightly  to  the 

southeast.  The  elevation  of  the  top  of  the  layer  is  highest  at  the  lock 

(414  ft)  and  dips  to  401  ft  near  the  southern  end  of  the  dam.  Within 

the  layer,  as  shown  in  the  scour  borings,  is  a  disturbance  in  which  sand¬ 
stone  was  vertically  injected  into  sandstone.  This  is  most  noticeable 
where  the  original  sandstone  is  finely  layered  or  where  shale  seams  are 
present  in  either  body  of  sandstone.  There  are  also  occurrences  of 
sandstone  being  injected  into  dolomite  (D-51,  el  402;  D-42,  el  400;  D-41, 
el  408;  and  D-49,  el  407).  There  is  one  instance  of  shale  injected  into 

dolomite  (D-48) .  This  type  of  structure  is  possibly  related  to  the 

same  forces  which  caused  the  formation  of  conglomerates  and  breccias  in 
the  dolomite  directly  above  the  sandstone  layer;  see  paragraph  48. 

47.  The  Shakopee  dolomite  is  dense  to  porous  in  nature.  It  con¬ 
tains  vuggy  areas  and,  in  several  locations,  has  developed  solution 
cavities  up  to  0.4  ft  deep.  These  cavities  occur  primarily  in  a  band 
from  el  408  ft  to  412  ft.  The  majority  of  cavities  were  revealed  in 
core  obtained  from  behind  and  within  taintor  gate  bays  7,  8,  9,  and  10. 
Gate  10  is  adjacent  to  the  left  dam  abutment. 

48.  Borings  behind  the  dam  revealed  that  the  Shakopee  below  the 
base  elevation  of  the  dam  contains  much  more  conglomerate  and  breccia 
than  was  previously  believed.  The  majority  of  the  conglomerate  and 
breccia  occurs  above  the  4-ft  sandstone  layer  in  the  Shakopee.  The 
conglomerate  is  usually  a  dolomite  aggregate  in  a  dolomite  matrix  but 
may  occur  as  a  dolomite  aggregate  in  a  sandstone  matrix.  The  conglomer¬ 
ate  (and  breccia)  probably  formed  in  place  as  explained  in  the  Phase  I 


report, 1  and  may  have  formed  shortly  after  lithifaction.  The  conglomer¬ 
ate  and  breccia  and  numerous  fractural  zones  contain  fragments  that  are 
of  such  an  angular  nature  that  they  should  pose  no  problems  in  terms  of 
structural  stability  of  the  lock  and  dam. 

49.  In  cross  sections  (Plates  8  and  10)  taken  parallel  to  the  dam, 
the  4-ft  sandstone  bed  Is  a  near  planar  bed.  However,  In  two  cross  sec¬ 
tions  (Plates  11  and  14)  taken  perpendicular  to  the  dam,  there  appears 

a  slight  upward  bulge  in  the  bed  (and  probably  in  the  rock  above  the  bed) 
in  an  area  directly  beneath  the  dam.  The  release  of  "locked  in"  stresses 
due  to  the  weight  of  ice  during  glaciation  could  have  contributed  to  the 
bulge.  An  unloading  phenomenon  caused  by  the  lessening  of  pressure  on 
the  bed  which  occurred  when  the  overlying  bedrock  was  removed  during 
excavation  for  the  dam  could  have  contributed  to  the  bulge.  The  direct 
cause  of  the  slight  bulge  is  not  postulated. 

50.  Thirty-four  joints  were  found  in  the  46  borings  put  down  at 
the  lock  and  dam  site  during  the  last  3  drilling  programs;  all  borings 
were  in  the  head  and  taintor  gate  dam  sections.  The  34  joint  dips  were 
plotted  on  the  frequency  histogram  presented  in  Reference  1,  and  a  similar 
histogram  was  obtained.  It  is  reasonable  to  say  that  the  more  recently 
observed  joints  fit  into  groupings  similar  to  those  groupings  obtained 

at  other  locations  over  the  project  site,  namely  the  lock  area.  Possi¬ 
ble  wedge-shaped  failures  involving  the  joints  detected  at  the  lock  and 
dam  are  described  in  References  1  and  3. 

Possible  Weak  Zones 

51.  The  major  lithologic  units,  shown  in  the  geologic  cross  sec¬ 
tions,  do  not  contain  all  the  features  considered  as  possible  weak  zones. 
For  specific  weak  features  (friable  sandstone,  shale  beds,  fractured 
rock,  and  clay-  or  shale-filled  partings)  at  a  particular  location  be¬ 
neath  a  concrete  structure,  consult  Plates  1  through  7g.  The  logs  of 
the  borings  show  each  weak  feature  observed  during  field  logging  and 

the  detailed  laboratory  examination  of  the  cores.  Design  values  for  the 
weak  zones  or  seams  can  be  obtained  from  the  tabulation  "Recommended 


Design  Values  for  Rock."  As  an  example,  the  geologic  cross  section  in 
Plate  9  shows  that  the  major  lithologic  unit  directly  under  the  upper 
land  lock  wall  is  dolomite.  Looking  at  Plate  9  under  boring  L-l-77,  no 
weak  seam  appears.  Looking  at  the  log  of  borings  sheet,  Plate  2,  one 
sees  that  the  dolomite  directly  beneath  the  concrete  contains  a  shale- 
filled  parting  in  a  thin  friable  sandstone  seam;  just  below  that  is  a 
shale  seam  in  the  dolomite. 

52.  A  few  shale-  and  clay-filled  partings  can  be  traced  between 
some  borings.  The  majority  of  the  partings  in  the  foundation  rock  can 
not  be  traced  between  borings  and  therefore  are  not  considered  to  be, 
in  themselves,  continuous  under  the  lock  and  dam.  Borings  show  that 
most  all  sections  of  the  taintor  gate  dam  rest  on  competent  dolomite 
while  other  sections  rest  on  or  near  sandstone  or  clay-  and  shale-filled 
partings.  Borings  D-12  and  D-38  show  concrete  founded  on  or  near  a  thin 
green  clay  seam  (Plates  4  and  5);  D-43  (Plate  6)  shows  concrete  founded 
on  a  thin  green  shale  seam;  and  D-63  (Plate  7d)  shows  concrete  founded 

on  a  seam  of  white  clayey  sandstone.  As  discussed  under  Bedrock  Stratig¬ 
raphy,  the  thin  filled  partings  have  less  than  100  percent  coating  on 
their  parting  surfaces,  and  the  partings  have  interlocking  asperities. 
Shearing  resistance  along  this  type  of  parting  is  much  higher  than  the 
shearing  resistance  would  be  in  the  filler  material  itself.  These  thin 
filled  partings,  <  1/8  in.,  would  offer  more  shearing  resistance  than  a 
shale  bed  of  several  inches  in  thickness. 

53.  The  extremely  low  strength  of  the  intact  shale  parallel  to 
its  bedding  dictates  that,  for  conservative  design,  any  shale  bed  be 
treated  as  a  potential  sliding  plane  parallel  to  its  bedding.  Boring  D-ll 
(Plate  10)  shows  a  shale  bed  underlying  the  concrete  in  the  head  gate  dam 
section.  It  is  believed  that  the  same  shale  bed  (approximate  el  430  ft) 
is  present  behind  taintor  gate  No.  3  and  could  exist  under  a  portion 

of  the  taintor  gate  dam  (see  Plate  12).  However,  the  shale  bed  is  within 
the  St.  Peter  sandstone,  which  in  all  borings  through  the  taintor  gate 
dam,  has  been  shown  to  be  missing.  It  was  likely  removed  during  con¬ 
struction  at  this  location  also. 
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54.  Borings  through  the  head  gate  dam  reveal  an  important  finding. 
The  first  13  of  30  gate  sections  were  apparently  founded  on  a  sandstone 
ridge.  The  thickness  of  the  sandstone  averages  5.9  ft  and  ranges  in 
thickness  from  3  to  11  ft.  The  sandstone  is  moderately  friable  to 
friable;  it  is  moderately  to  weakly  cemented  with  some  lenses  or  layers 
consisting  of  loose  sand.  High  core  loss  was  obtained  in  the  sandstone 
unit.  The  weakly  cemented  friable  sandstone  and  loose  sand  are  considered 
as  possible  weak  zones. 

55.  The  first  3  and  4-1/2  ft  of  bedrock  beneath  the  lower  approach 
walls  in  borings  GW-1  and  GW-2,  respectively,  is  fractured.  The  fractured 
rock  in  these  two  borings  consists  of  shale,  clayey  shale,  friable  sand¬ 
stone  with  shale-filled  partings,  and  cherty  dolomite  (Kress  Formation). 
This  fractured  zone  constitutes  a  weakness  in  the  bedrock  and  should  be 
considered  in  a  structural  stability  analysis.  Similar  amounts  of  frac¬ 
turing  in  the  same  type  of  rock  exist  under  the  downstream  portion  of  the 
landside  lock  wall  (see  Plate  2,  Reference  2).  The  bedrock  under  the 
upper  portion  of  the  landside  lock  wall  and  under  the  riverside  lock  wall 
consists  of  dolomite  with  shale-filled  partings  and  thin  sandstone  layers. 
About  5  ft  beneath  the  base  elevation  of  the  lock  is  the  nominal  4-ft- 
thick  sandstone  layer  that  is  continuous  over  the  lock  and  dam  site. 

The  lowest  value  of  internal  friction  (<j>  =  13.7  deg)  obtained  on  a  shale- 
filled  parting  was  measured  on  a  test  specimen  recovered  from  this  sand¬ 
stone  layer. 

56.  Another  possible  weakness  in  the  foundation  is  the  joint 
system.  Reference  1  describes  the  possibility  of  individual  and  conju¬ 
gate  joints  forming  rock  wedges  in  sections  of  bedrock  where  scouring 
has  occurred.  Shear  strength  parameters  for  natural  joints  in  the  sand¬ 
stone  and  shale  are  presented  in  the  Part  VIII. 
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PART  V:  TEST  SPECIMENS  AND  TEST  PROCEDURES 


Cores  Received 


57.  Concrete  and  rock  core  from  4  and  18  borings,  compliance  and 
scour  detection  studies,  respectively,  were  received  at  the  WES.  Perti¬ 
nent  information  concerning  the  core  received  for  the  compliance  study 
is  presented  in  Table  2.  Similar  information  is  not  presented  for  the 
core  received  from  the  scour  drilling  operation  because  none  of  the  core 
was  scheduled  for  testing.  No  significantly  different  materials,  i.e., 

different  than  obtained  during  the  "Duplicate  Locks"  and  "Phase  I  Major 

1  3 

Rehabilitation"  programs,  *  were  recovered  during  the  compliance  or 
scour  detection  drilling  programs. 

Selection  of  Test  Specimens 

58.  A  detailed  visual  examination  of  all  the  core  was  made  for 
detailed  logging  purposes  and  to  assist  in  the  selection  of  representa¬ 
tive  test  specimens  of  concrete  and  of  the  different  foundation  materials. 
Concrete  test  specimens  from  the  deep  vertical  borings  were  selected 
from  the  top,  middle,  and  bottom  of  the  core.  No  concrete  was  tested 
from  the  core  recovered  from  the  taintor  gate  apron  section. 

Test  specimen  depths  shown  in  the  tables  of  test  results  represent  the 
mid  section  of  the  test  specimen; *i.e. ,  el  466.1  is  the  midpoint  of  a 
piece  of  core  from  el  466.6  to  465.6.  Six-inch  diameter  by  twelve-inch 
long  concrete  and  rock  cores  were  used  for  testing,  the  exception  being 
the  specimens  for  direct  shear  testing.  Direct  shear  specimens  were 
nominal  6-in.  diameter  and  about  6  in.  in  length. 

59.  For  the  characterization  property  tests  (effective  (wet)  unit 
weight  (Ym)»  congressional  wave  velocity  (V  ),  and  compressive  strength 
(UC))  and  the  engineering  design  tests  (modulus  of  elasticity,  Poisson's 
ratio,  triaxial  and  direct  shear),  an  attempt  was  made  to  select  test 
specimens  to  be  representative  of  the  rock  in  close  proximity  to  the  base 
of  the  structure.  The  test  assignment  locations  can  be  obtained  from 
appropriate  tables  of  test  results. 
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60.  A  weakly  cemented  sand  was  recovered  from  beneath  the  head 
gate  dam  and  was  tested  in  direct  shear.  The  sand  was  obtained  from 
about  4  ft  below  the  base  of  head  gate  bay  No.  6. 


Test  Procedures 


61.  The  characterization  properties  tests  and  the  engineering 
design  properties  tests  were  conducted  in  accordance  with  the  appropriate 
test  methods  tabulated  below: 


Test  Method 


RTM  109 
RTM  109 

R™  106  ** 
RTM  110  (ASTM  D  2845) 

RTM  111  (ASTM  D  2938) 


RTM  201  (ASTM  D  2148) 
RTM  203 


Proposed  Rock  Test  Method,  Corps  of  Engineers,  in  review  prior  to 
publication. 


Characterization 

Effective  Unit  Weight  (As  Received),  ym 
Dry  Unit  Weight,  yd 
Water  Content,  w 
Compressional  Wave  Velocity,  V 
Compressive  Strength,  UC  P 


Elastic  Modulus,  E,  and  Poisson's  Ratio,  v 
Direct  Shear  Strength 
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PART  VI:  TEST  RESULTS  AND  ANALYSIS 


Characterization  Properties 

62.  The  results  of  the  characterization  property  tests  and  the 
engineering  design  tests  are  presented  in  Table  3.  The  average  value, 
the  range  and  the  number  of  tests  for  the  concrete  and  the  dolomite 
bedrock  are  summarized  below: 


Summary  of  Characterization  Properties 


Effective 

Dry 

Water 

Comp  Wave 

Compressive 

Unit  Weight 

Unit  Weight 

Content 

Velocity 

Strength 

Ym,  lb/ft3 

Yd,  lb/ft3 

w,  % 

Vp,  ft/sec 

UC,  psi 

Concrete 


Average 

153.2 

145.1 

5.6 

15,597 

6640 

Range 

6.2 

8.6 

2.7 

2,805 

4750 

No.  of  tests 

8 

8 

8 

8 

8 

Dolomite 

Average 

160.2 

154.4 

3.8 

15,717 

5080 

Range 

5.6 

3.8 

2.4 

277 

5270 

No.  of  tests 

3 

3 

3 

3 

3 

Only  one  specimen  of  sandstone  was  tested  and  its  properties  can  be  found 
in  Table  3.  An  analysis  of  the  characterization  properties  will  be  pre¬ 
sented  for  the  concrete  and  dolomite. 

a.  Concrete.  The  unit  weights  are  reasonable  and  consistent 
with  the  unit  weights  reported  in  Reference  1  for  cores 
taken  from  the  head  gates  and  tainter  gates  structures. 
Previous  average  values  of  153.8  and  151.1  lb/ft3  for  con¬ 
crete  beyond  frost-damaged  zones  compare  well  with  the 
average  of  153.2  lb/ft3  presented  in  the  above  tabulation. 
The  average  compress ional  wave  velocity  for  the  previously 
tested  core  from  vertically  drilled  holes  is  15,088  ft/sec 
(core  from  boring  L-l)  and  compares  well  with  the  average 
value  of  15,597  ft/sec  presented  in  the  above  tabulation. 

The  average  compressive  strength  presented  above,  6640  psi, 
compares  well  with  a  similar  value  of  5300  psi  for  cores 
from  the  head  gate  and  tainter  gate  dam  sections  as  reported 
in  Reference  1.  With  the  exception  of  the  compressive 
strength  values,  the  range  in  unit  weight,  velocities, 
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and  moistures  indicates  uniformity  of  the  internal  con¬ 
crete  at  the  lock  and  dam.  The  range  in  strength  is  large 
but  is  attributed  to  two  specimens  with  relatively  low 
strengths  (4510  and  3900  psi)  obtained  from  frost-damaged 
concrete  zones.  These  strengths  are  considered  quite  ac¬ 
ceptable  in  terms  of  the  static  compressive  loading  the 
structures  will  actually  receive. 

b.  Dolomite.  A  limited  number  (3)  specimens  of  dolomite  were 
tested  in  order  to  verify  that  the  dolomite  beneath  the 
dam  sections  was  similar  in  unit  weight,  velocity,  and 
compressive  strength  to  the  same  rock  under  the  lock  and 
lower  approach  wall.  Characterization  properties  for 
dolomite  from  beneath  the  lock  and  lower  approach  wall 
are  presented  in  Reference  3.  The  average  unit  weight, 
velocity,  and  compressive  strength  from  Reference  3  is 
164.5  lb/ft^,  14,140  ft/sec,  and  6300  psi;  these  values 
compare  very  well  with  similar  values  for  dolomite  tabu¬ 
lated  above.  The  dolomite  bedrock  beneath  the  head  gates 
and  taintor  gates  dam  sections  is  considered  to  have  nearly 
the  same  characterization  properties  as  does  the  dolomite 
under  the  lock  and  lower  approach  wall. 


Modulus  of  Elasticity  and  Poisson's  Ratio 

63.  Results  of  the  modulus  of  elasticity  and  Poisson's  ratio  are 
presented  in  Table  3.  The  stress-strain  relation  for  the  concrete,  sand¬ 
stone,  and  dolomite  are  presented  in  Plates  18  through  21.  The  modulus 
was  calculated  as  an  incremental  value  between  1000  and  2000  psi  on  the 
stress-strain  curve;  in  all  cases  this  stress  increment  corresponds  to 
the  linear  portion  of  the  stress-strain  curve  for  the  concrete  and  both 
the  sandstone  and  dolomite.  The  stress-strain  curves  for  both  rocks  have 
a  concave  upwards  initial  portion  which  represents  closure  of  the  cracks 
formed  from  stress  relieving  the  core  and  closure  of  inherent  microfrac¬ 
tures.  Poisson's  ratio  was  calculated  at  a  stress  value  of  2000  psi. 

64.  The  average  modulus  for  the  near  surface  concrete  (to  about 

6  6 

2.5-ft  depth)  and  deeper  concrete  is  1.37  x  10  and  5.44  x  10  psi,  re¬ 
spectively;  Poisson's  ratio  is  0.15  and  0.21,  respectively.  Both  the 
modulus  and  Poisson's  ratio  compare  well  with  similarly  located  concrete 
specimens  tested  and  reported  in  Reference  1.  The  average  modulus  and 
Poisson's  ratio  for  the  sandstone  and  dolomite  is  2.10  x  10^  psi,  0.26 
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and  3.97  x  10^  psi,  0.15,  respectively.  The  value  for  sandstone  (mod¬ 
erately  hard)  is  in  good  agreement  with  the  previously  reported  moduli 
and  Poisson's  ratio. ^  The  current  modulus  value  for  the  dolomite  is 
about  twice  as  great  as  the  previously  reported  value. ^  The  dolomite 
specimens  tested  during  this  study  were  not  as  vuggy  as  those  previously 
tested,  which  could  account  for  some  of  the  difference  in  moduli. 

Peak  and  Ultimate  Shear  Strength 

3  1 

65.  The  Duplicate  Locks  and  the  Phase  I  Major  Rehabilitation 

reports  contain  direct  shear  test  results  that  define  the  shear  strength 
parameters  for  the  rock  types  and  different  rock  conditions  found  at  the 
Starved  Rock  Lock  and  Dam.  These  values  are  presented  in  Part  VIII  of 
this  report. 

66.  A  new  material,  one  that  was  not  recovered  and  tested  in  pre¬ 
vious  drilling  operation,  was  recovered  from  a  depth  of  4  ft  below  the 
base  of  head  gate  bay  No.  6  in  boring  D-67.  The  new  material  was  a 
weakly  cemented  sand. 

67.  The  sample  was  classified  as  a  silty  sand  (SM) .  A  direct 
shear  box  (1  by  3  by  3  in.),  used  for  testing  soils, was  used  to  run  direct 
shear  tests  on  the  sand.  The  normal  loads  used  were  2,  4,  and  8  tsf. 

A  plot  of  the  normal  load  versus  shearing  load  is  presented  in  Plate  22. 
The  angle  of  friction  for  the  sand  is  27  deg  with  a  cohesion  is  0.22  tsf. 

68.  Almost  al^  of  the  clay  seams  found  in  the  core  were  in  or 
adjacent  to  zones  of  fractured  dolomite  or  friable  sandstone.  Specimens 
from  these  zones  could  not  be  obtained  for  shear  testing.  Attempts  were 
made  in  the  field  to  recover  testable  specimens,  but  with  very  little 
success.  One  specimen  of  competent  sandstone  from  D-75  was  received 
intact.  The  specimen  contained  a  sandy  clay  parting  1/8  in.  in  thick¬ 
ness  at  its  thickest  point.  The  parting  surfaces  had  interlocking  as¬ 
perities  about  1/2  in.  from  peak  to  valley,  and  the  filler  covered  about 
60  percent  of  the  parting  surfaces.  The  asperities  were  semirounded. 

The  asperity  configuration  was  typical  of  the  majority  of  clay  partings 
observed  in  the  core. 
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69.  The  specimen  was  tested  using  the  multistage  loading  tech¬ 
nique  because  other  specimens  were  not  available.  The  normal  load 
versus  shear  load  is  presented  in  Plate  23.  The  peak  shear  strength 
value  of  phi  ($)  is  57.9  deg  and  cohesion  (c)  is  2.5  tsf.  The  <p  of 
57.9  deg  is  a  reasonable  value  when  it  is  compared  to  the  lowest  peak 
phi  obtained  for  the  intact  competent  sandstone  (51.7  deg);  see  Part  VII 
under  "Recommended  Design  Values  for  Rock."  The  relatively  thin  sandy 
clay  filler  apparently  did  not  affect  the  shear  strength  of  the  discon¬ 
tinuity. 

70.  Examination  of  the  specimen  after  testing  revealed  that  the 
asperities  were  not  sheared  off  at  their  bases;  instead,  a  small  amount 
of  the  peaks  were  ground  away.  Higher  normal  loads  than  used  would  be 
required  to  shear  the  asperities  along  their  bases.  A  residual  value 
could  not  be  obtained  using  the  low  range  of  normal  loads  of  2  to  8  tsf. 
The  2-  to  8-tsf  normal  load  range  was  used  because  it  adequately  covers 
anticipated  field  loads.  Plate  23  presents  the  residual  shear  strength 
obtained  from  direct  shear  tests  conducted  on  precut  competent  sandstone 
samples.  The  precut  failure  envelope  is  presented  for  comparison. 

71.  There  were  no  clay-filled  partings  in  the  dolomite  available 
for  testing  as  mentioned  earlier.  Clay  material  was  removed  from  a 
number  of  the  broken  filled  parting  surfaces.  The  material  was  classi¬ 
fied  as  sandy  clay  (CL)  with  a  maximum  plastic  index  (PI)  of  28,  a  liquid 
limit  (LL)  of  48,  and  a  plastic  limit  of  20.  A  correlation  between  the 
Atterberg  limits  of  the  CL  material  and  shear  strength  was  made  using 
ETL  1110-1-58,  dated  17  February  1972.^  It  is  recognized  that  correla¬ 
tions  of  this  type  should  not  be  considered  complete  substitutes  for 
shear  testing. 

72.  The  vast  majority  of  the  thin  (<l/8  in.  thick)  filled  partings 
have  interlocking  asperities  as  described  under  "Bedrock  Stratigraphy." 
However,  for  the  few  relatively  smooth  clay-filled  partings  ( < 1 / 8  in. 
thick  and  asperities  of  low  relief  and  long  period),  an  attempt  is  made 
to  approach  a  reasonable  lower  bound  shear  strength.  Figure  4  is  taken 
from  the  ETL.  For  a  PI  of  28,  the  <j>  range  of  all  values  plotted  is  20 
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to  26.5  deg.  This  range  of  phi  values  could  be  used  in  a  stability 
analysis  where  relatively  smooth  clay-filled  partings  in  the  dolomite 
are  considered. 

73.  Because  the  vast  majority  of  the  clay-filled  partings  observed 
at  the  lock  and  dam  have  interlocking  surfaces,  it  is  expected  that  the 
shearing  resistance  along  a  parting  would  be  much  greater  than  the  shear¬ 
ing  reistance  through  the  filler  itself.  However,  a  very  conservative 
estimate  of  the  shearing  resistance  would  be  obtained  if  a  <j>  =  20  deg 
and  c  =  0  (from  Figure  4)  were  considered  for  clay-filled  partings. 

74.  The  shear  test  data  for  shale-filled  partings  in  dolomite  is 
presented  in  Figure  5.  The  data  presented  in  this  figure  was  obtained 
from  a  number  of  the  previous  WES  drilling  and  testing  programs  at 
Starved  Rock  Lock  and  Dam.  Both  repetitive  loading  and  direct  shear 
test  results  are  plotted.  Almost  all  the  test  results  are  from  repeti¬ 
tive  tests.  It  was  necessary  to  conduct  repetitive  tests  because  during 
the  different  drilling  and  testing  programs  only  a  few  shale-filled 
partings  were  obtained  at  a  time.  Shear  stress  versus  shear  and  normal 
deformation  curves  are  presented  in  Plates  24  through  32  for  the  repeti¬ 
tive  tests.  The  shear  stress  versus  shear  deformation  curves  for  the 
direct  shear  tests  are  presented  in  Plates  33  through  35. 

75.  In  the  repetitive  tests  the  specimen  is  initially  sheared 
until  failure  is  obtained.  The  shear  and  normal  load  is  released,  and 
the  shear  block  repositioned  and  resheared  under  an  increased  normal 
load.  Repetitive  testing  can  be  useful;  however,  the  test  results  are 
difficult  to  interpret,  since  after  initial  shearing  the  discontinuity 
surface  undergoes  irreversible  changes  that  affect  the  shear  strength 
values  from  succeeding  tests.  The  failure  envelopes  obtained  from 
repetitive  testing  will  usually  define  strengths  intermediate  between 
the  maximum  and  residual  strength.  In  general,  repetitive  testing  will 
yield  a  conservative  estimate  of  the  maximum  shear  strength.  It  is 
recognized  that  repetitive  testing  may  be  used  to  measure  the  residual 
shear  strength.  Continued  displacement  ultimately  reduces  the  strength 
available  along  the  discontinuity  to  its  residual  shear  strength.  After 
a  number  of  shearing  cycles,  the  maximum  stress  is,  in  fact,  the 
residual  stress. 
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Shear  Strength,  t,  tsf 


76.  In  Figure  5  the  lower  grouping  of  repetitive  test  results 
represent  the  residual  shear  strength  (<j>r)  for  shale-filled  partings  in 
dolomite;  the  <j>r  =  26  deg  and  c  =  0.  A  series  of  direct  shear  tests 
was  conducted,  and  the  peak  and  residual  stress  values  are  represented 
in  Figure  5  by  the  open  and  solid  circles.  The  residual  stress  values 
were  obtained  by  repositioning  the  shear  blocks  after  the  initial  shear 
was  recorded,  reapplying  the  same  normal  stress,  and  reshearing  the 
specimens.  Each  specimen  was  resheared  from  two  to  four  times.  The 
residual  shear  stress  obtained  from  the  specimens  tested  at  2-  and  4-tcf 
normal  load  plot  well  within  the  lower  group  of  repetitive  test  results. 
The  residual  stress  value  obtained  from  the  specimen  tested  in  direct 
shear  at  6n  =  8  tsf  is  outside  the  lower  group.  However,  this  is  not 
surprising  considering  the  different  specimens  available  for  testing. 

77.  The  shale-filled  parting  surfaces  varied  in  roughness; 
asperity  height  was  from  <1/16  in.  to  1/2  in.  and  had  periods  of  one  to 
several  inches.  The  filler  thickness  varied  from  a  film  coating  to 
>1/2  in.  In  addition,  the  parting  surfaces  varied  in  the  amount  of  area 
that  the  filler  coated.  Some  partings  had  60  percent  of  their  surfaces 
coated  while  others  had  varying  coverage  up  to  100  percent.  The  test 
specimens  in  the  lower  group  generally  had  relatively  smooth  parting 
surfaces  and  uniform  filler  thickness. 

78.  In  Figure  5  the  upper  group  of  test  data  shows  considerably 
more  scatter  than  the  lower  group.  Examination  of  the  specimen  partings 
from  this  group  revealed  that  the  parting  surfaces  were  rougher  and  that 
the  filler  was  thinner  than  specimen  partings  from  the  lower  group. 
Because  of  the  scatter  and  the  lack  of  test  data  at  >8-tsf  normal  load, 
a  conservative  failure  envelope  was  fitted  through  the  lowest  data  point 
in  the  upper  group.  A  $  =  49  deg  and  a  c  =  2  tsf  are  conservative  maxi¬ 
mum  shear  strength  values  for  the  shale-filled  partings  in  dolomite. 

79.  No  samples  of  the  friable  sandstone  were  obtained  for  cross¬ 
bed  shear  testing.  Intact  specimens  were  tested  parallel  to  bedding  and 
shear  strength  parameters  are  presented  in  the  tabulation  of  "Recommended 
Design  Values  for  Rock."  Because  of  the  relative  homogeneity  of  the 
friable  sandstone,  it  is  believed  that  cross-bed  shear  strengths  would 


approach  the  intact  shear  strengths.  The  intact  shear  strengths  are 
recommended  to  be  used  in  place  of  cross-bed  shear  strengths. 
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PART  VII:  CONCRETE  CONDITION 


Concrete  from  Compliance  Borings 

80.  The  concrete  core  recovered  from  boring  L-l  was  tested  during 

the  Phase  I  Rehabilitation  program.  Results  of  tests  conducted  on  the 

core  can  be  found  in  Table  6  of  Reference  1.  The  concrete  core  recovered 

from  the  four  compliance  borings  (L-l,  D-ll,  D-12,  and  D-13)  is  in  very 

much  the  same  condition  as  the  concrete  core  recovered  during  the  Phase  I 

drilling  program.  See  pages  29  through  31  in  Reference  1  for  a  general 
description.  Boring  L-l  was  drilled  in  the  land  lock  wall  (monolith  11) 
and  the  core  revealed  that  the  top  0.6  ft  of  concrete  was  new.  The  new 
concrete  had  been  placed  as  an  overlay  during  a  previous  resurfacing  of 
the  top  of  the  lock  walls.  The  remaining  42.9  ft  of  concrete  is  considered 
structurally  sound  and  should  serve  its  original  intended  purpose.  The 
interface  between  the  concrete  and  a  thin  friable  sandstone  seam  is  poorly 
bonded.  The  concrete  core  recovered  from  D-ll  in  pier  14  of  the  head 
gate  section  was  new  in  the  top  0.9  ft,  again  the  result  of  an  overlay 

of  new  concrete.  The  remaining  concrete  appears  sound  except  for  local 
honeycombing  at  about  6  and  12  ft  up  from  the  base  of  the  pier.  These 
two  areas  are  0.2  and  0.5  ft  thick,  respectively;  concrete  aggregates 
with  little  or  no  cement  were  recovered  from  these  two  zones. 

81.  The  concrete  core  from  boring  D-12,  which  was  drilled  through 
the  56.2-ft  height  of  taintor  gate  pier  6,  was  moderately  deteriorated 

to  0.3-ft  depth.  The  boring  was  put  through  the  central  section  (through 
the  wooden  walkway  atop  the  taintor  gate  dam  section).  The  remaining 
concrete  appears  sound  with  three  natural  cracks  that  caused  separation 
of  the  concrete  within  4.6  ft  of  the  top  of  the  pier.  A  construction 
joint  at  el  453.7  (19-ft  depth)  is  stained  and  contains  a  small  amount 
of  cracking  to  a  depth  of  0.1  ft;  the  joint  was  a  "cold  joint."  Upper 
pool  el  is  459,  so  that  water  from  the  upstream  pool  could  have  access 
to  the  construction  joint  causing  the  staining.  The  cause  of  the  crack¬ 
ing  is  not  postulated.  The  concrete-bedrock  contact  was  tight  with  the 


concrete  resting  on  dolomite  at  el  416.5  ft.  The  concrete  core  in  D-13 
is  sound  throughout  the  31.1  ft  depth.  The  contact  is  tight  with  dolo¬ 
mite  present  as  the  bedrock  material.  See  Reference  1  for  a  descrip¬ 
tion  of  the  surface  concrete  in  the  lock,  head  gates,  and  taintor  gate 
structures. 

Concrete  from  Instrumentation  Borings 


82.  During  the  drilling  operation  for  the  abutment  instrumenta¬ 
tion  study,  two  vertical  borings  were  drilled  in  each  of  taintor  gate 
piers  10  and  11.  These  two  piers  were  referred  to  as  piers  2  and  1, 
respectively,  in  Reference  1.  Two  borings  were  located  6.5  ft  in  from 
the  upstream  side  and  on  the  piers'  centerline.  Two  were  located  on 
centerline  and  at  6  ft  and  9  ft  in  from  the  downstream  vertical  face  of 
piers  10  and  11,  respectively.  The  concrete  core  from  the  upstream 
boring  in  pier  10  (borings  SR  WES  D-58-78)  is  severely  deteriorated  to 
a  depth  of  4.0  ft.  From  0  to  2.5  ft  only  concrete  aggregate  and  a  few 
pieces  of  matrix  were  recovered.  The  core  from  2.5  to  4.0  ft  is  cracked. 
Evidence  of  frost  damage  is  present  at  a  depth  of  5  ft.  Prior  to  drill¬ 
ing  D-58  the  deepest  frost-damaged  concrete  in  the  taintor  gate  piers 
was  found  in  piers  3  and  6  (pier  3  is  referred  to  as  pier  9  in  Refer¬ 
ence  1);  it  was  3.1  ft  deep  in  each  pier  and  was  located  near  the  nose 
of  the  piers.  Boring  D-59,  located  near  the  downstream  face  of  pier  10, 
contained  obviously  frost-damaged  concrete  to  a  depth  of  3.5  ft.  The 
concrete  from  3.5  to  5  ft  has  numerous  natural  breaks  that  are  slightly 
weathered;  these  breaks  could  be  the  result  of  deeper  freezing  and  thaw¬ 
ing  action.  The  core  from  both  borings  showed  evidence  of  alkali-silica 
reaction  just  beneath  the  frost-damaged  zones  and  minor  amounts  near  the 
bottom  of  the  core.  Serious  alkali-silica  reaction  is  reported  in  Refer¬ 
ence  1  for  concrete  in  the  head  gate  and  taintor  gate  sections  of  the 
dam. 

83.  Concrete  core  from  the  two  vertical  borings  in  pier  11  (D-56 
and  D-57,  located  upstream  and  downstream,  respectively)  showed  frost 
damage  to  depths  of  2  ft  with  small  amounts  of  alkali-silica  reaction 
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products  present  just  below  the  damaged  zones.  The  core  appears  sound 
below  these  zones.  The  concrete  core  indicates  that  the  bases  of 
piers  10  and  11  rest  on  dolomite.  Core  from  the  two  borings  in  pier  10 
show  competent  dolomite  beneath  the  base  of  the  pier.  Core  from  the 
two  borings  in  pier  11  show  shattered  dolomite  from  0.1  to  0.3  ft  below 
the  base  of  the  pier.  The  shattered  rock  is  possibly  due  to  blasting 
during  excavation  for  the  dam.  The  shattered  rock  could  have  resulted 
in  settlement  or  tilting  of  pier  11  and  contributed  to  jamming  the  con¬ 
nected  taintor  gate.  The  taintor  gate  is  supported  between  piers  10 
and  11  and  the  gate  has  been  difficult  to  operate  for  a  number  of  years. 
The  concrete  from  pier  11  did  not  show  unusual  signs  of  distress.  The 
three  horizontal  borings  through  pier  11  show  frost  damage  to  an  average 
depth  of  1.7  ft.  The  previous  study  showed  frost  damage  at  an  average 
depth  of  1.4  ft  in  a  number  of  other  taintor  gate  piers.1 

Base  Elevation  Revealed  in  Borings 

84.  The  following  tabulation  is  presented  to  summarize  the  actual 
base  elevations  of  the  lock  and  dam  structures  as  revealed  in  borings. 
The  tabulation  indicates  the  different  elevations  to  which  some  sections 
of  the  structures  were  taken,  in  some  cases  quite  a  bit  below  the  base 
elevations  shown  on  working  drawings.  Local  bedrock  conditions  during 
construction  probably  dictated  additional  excavation. 
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Figure  6  shows  the  scouring  at  the  face  of  the  apron  in  the  taintor  gate 
dam  as  plotted  by  NCC.  Superimposed  on  this  graph  are  the  actual  base 
elevations  of  concrete  at  boring  locations  given  in  the  above  tabulation. 
Figures  7,  8,  and  9  show  the  scouring  at  the  apron  face  in  the  head  gate 
dam.  These  figures  illustrate  the  base  elevation  of  the  concrete  as 
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revealed  in  borings.  Indications  are  that  the  1977  scouring  has  not 
undercut  the  apron  for  the  full  length  of  the  two  dam  sections.  The 
base  elevation  of  the  taintor  gate  dam  section  is  variable,  and  extrapo¬ 
lation  of  these  actual  base  elevations  to  other  sections  of  the  taintor 
gate  should  be  done  with  caution.  The  head  gate  dam  appears  to  have  been 
built  using  two  different  design  criteria.  The  first  16  gate  bays  are 
founded  on  weakly  cemented  and  friable  sandstone,  the  17th  pier  founded 
on  a  shale  seam,  while  the  remaining  gate  bays  appear  to  be  founded  on 
competent  dolomite.  Because  of  the  variable  foundation  elevations  in 
the  head  gate  dam  section,  extrapolation  of  foundation  elevations  to 
other  sections  of  the  head  gates,  notably  bays  17  through  30,  could  be 
misleading.  It  is  suggested  that  an  NX  boring  be  put  through  the  bays 
already  not  drilled  to  determine  actual  base  elevations.  A  figure  for 
the  ice  chute  is  not  presented.  The  one  boring  in  the  ice  chute  over¬ 
flow  section  shows  the  base  of  concrete  at  el  419.5  ft;  working  drawings 
indicate  the  base  of  this  structure  to  be  el  430.0  ft. 
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PART  VIII:  SUMMARY  OF  FOUNDATION  CONDITION,  CONCRETE 
AND  RECOMMENDED  DESIGN  VALUES 


Scour  Detection 


85.  Inquiries  were  made  into  the  possibility  that  riprap  or  armor 
stone  had  been  placed  in  scoured  areas  behind  the  taintor  and  head  gate 
dams.  To  our  knowledge  this  has  not  been  done  at  Starved  Rock  Lock  and 
Dam. 

86.  A  total  of  17  borings  were  drilled  behind  the  dam.  No 
evidence  of  displaced  or  recently  (post-dam  construction)  disoriented 
rock  was  found  during  the  drilling  of  the  scour  drilling.  The  top  4  ft 
of  bedrock  consists  of  friable  sandstone  or  hard  dolomite  and  moderately 
hard  sandstone.  The  top  of  rock  is  highly  irregular.  Loose  material  to 
4-ft  depths  including  sand,  sandstone,  dolomite,  concrete,  and  metamorphic 
rock  was  found  within  130  ft  of  the  left  dam  abutment;  local  bedrock  and 
river  deposits  account  for  the  loose  materials.  The  scour  data  (top  of 
rock)  did  not  agree  with  1977  scour  profiles  compiled  by  the  Chicago 
District. 

87.  Eight  borings  (five  for  scour  and  three  for  compliance)  were 
carried  through  the  concrete  apron  and  overflow  sections.  The  contact 
between  concrete  and  bedrock  was  tight,  and  the  concrete  was  founded  on 
dolomite;  thin  shale-  and  clay-filled  partings  are  at  or  near  the  contact 
in  two  of  the  five  borings.  No  undercutting  of  the  apron  was  detected 

in  the  borings.  The  eight  borings  through  the  apron  and  overflow  section 
show  the  concrete  to  be  from  10.7  to  14.3  ft  thick;  minimum  apron  thick¬ 
ness  on  working  drawings  is  5  ft. 

88.  During  Phase  I  a  1-ft  thick  clay  seam  or  lens  was  found  in 
D-14-77  at  el  411,  4  ft  D/S  of  pier  No.  8.  Borings  D-41  and  D-42  through 
the  apron  and  overflow  section  on  either  side  of  pier  8  showed  no  trace 
of  the  clay.  The  clay  remaining  D/S  is  a  portion  of  a  clay  lens  that 
was  apparently  removed  during  construction,  or  is  just  a  small  lens. 
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Foundation  Condition 


Backfill 

89.  The  backfill  behind  the  land  lock  wall  and  lower  approach  wall 

is  probably  spoil  from  the  lock  and  dam  excavations.  A  mixture  of  sand, 

clay,  gravel,  and  boulders,  the  same  as  local  bedrock,  was  recovered  in 

1  2 

borings  during  the  Phase  I  and  Structural  Stability  exploration.  The 
material  did  not  appear  to  be  stratified. 

Bedrock  stratigraphy 

90.  The  Ordovician  St.  Peter  sandstone  and  the  Shakopee  dolomite 
were  the  two  strata  encountered  at  the  lock  and  dam  site.  The  Tonti  and 
Kress  sandstones  represent  the  St.  Peter  sandstone  formation.  The  Tonti 
member  is  a  medium-  to  fine-grained,  well  sorted,  noncalcareous,  friable 
sandstone.  The  Kress  is  a  coarse  rubble  or  conglomerate  of  angular  chert 
sometimes  in  a  matrix  of  green  shale,  sand,  or  clay.  One-foot  thick 
shale  layers  were  found  in  the  Kress. 

91.  The  Shakopee  dolomite  formation  is  light  brown  to  light  gray, 
fine-grained,  argillaceous  to  pure  and  occurs  in  thin  to  medium  beds. 

It  contains  lenses  and  layers  of  sandstone  up  to  4  ft  thick,  shale  seams 
up  to  0.3  ft  thick,  and  shale-  and  clay-filled  bedding  planes  throughout. 
Algal  reefs  up  to  1  ft  thick  are  found  in  the  Shakopee. 

92.  A  major  unconformity  separates  the  St.  Peter  and  the  Shakopee 
in  the  Starved  Rock  area.  An  interval  of  erosion  and  nondeposition 
created  the  irregular  erosional  surface  that  separates  these  two  bodies 
of  bedrock.  This  irregular  surface  explains  some  of  the  differences  in 
elevation  of  the  contact  between  the  St.  Peter  and  the  Shakopee. 

Geologic  cross  sections 

93.  Nine  cross  sections  were  drawn;  one  along  the  lock  land  wall 
and  the  lower  approach  wall,  two  along  the  dam,  and  six  perpendicular 
to  the  dam  structures.  The  sections  clearly  indicate  the  unconformable 
contact  between  the  St.  Peter  and  Shakopee  formations.  The  sections 
delineates  the  4-ft  sandstone  bed  within  the  Shakopee;  the  bed  is  con- 
tinous  under  the  lock  and  dam.  Reefs,  fault  zones,  solution  channels, 
and  occasional  discontinuous  seams  and  lenses  of  clay,  shale,  sandstone. 


dolomite  and  chert  can  be  traced  between  some  borings.  Log  of  boring 
sheets  give  the  location  of  each  of  these  and  additional  similar  features 
observed  in  the  core. 

94.  In  addition  to  the  4-ft  sandstone  bed,  four  other  features 
observable  in  the  sections  may  be  continuous  over  the  lock  and  dam  site. 
They  are  the  small  displacement  fault  zone  in  the  Kress  sandstone,  solu¬ 
tion  cavities  in  the  Shakopee,  conglomerate  and  breccia  found  above  the 
4-ft  sandstone  bed,  the  shale  bed  found  within  the  Kress  sandstone.  No 
clay  seams  were  traceable  across  the  lock  and  dam  site. 

Bedrock  structural  characteristics 

95.  Local  bedding  dips  from  <1  to  12  deg  at  the  formational  con¬ 
tact,  while  in  the  4-ft  sandstone  below  this  contact  a  1-deg  dip  exists. 
The  St.  Peter/Shakopee  contact  marks  a  major  unconformity  which  is  an 
irregular  erosional  surface  caused  by  solution  weathering. 

96.  The  Sandwich  Fault  Zone,  26  miles  to  the  northeast,  is  the 
only  major  regional  structure.  No  major  faulting  was  observed  in  the  re¬ 
covered  bedrock  core.  Small  displacement  (<1.6  ft)  faulting  and  slicken- 
sides  occur  frequently  in  the  core.  A  zone  of  small  faults  exists  in 
Kress  sandstone  within  el  420  to  425.  This  faulted  zone  was  not  seen  in 
core  recovered  from  beneath  the  dam  sections.  The  faults  detected  in 
the  foundation  are  considered  not  to  be  a  problem  in  terms  of  structural 
stability. 

97.  A  total  of  22  borings  were  put  through  the  concrete  dam  sec¬ 
tions.  The  Kress,  mostly  friable,  coarse  rubble  or  conglomerate  in  a 
matrix  of  shale,  sand,  or  clay,  was  apparently  removed  prior  to  construct¬ 
ing  the  taintor  gate  dam  section.  The  Tonti,  almost  pure,  friable  sand¬ 
stone,  was  found  directly  under  at  least  the  first  16  of  the  30  head 

gate  bays.  The  12  borings  in  the  taintor  gate  dam  showed  the  base  of 
the  concrete  to  be  founded  on  competent  dolomite.  However,  in  some  of 
the  core  shale-  and  clay-filled  partings  and  clay  seams  were  present  at 
or  near  the  concrete/bedrock  contact.  The  dolomite  is  dense  to  porous  in 
nature.  It  contains  vuggy  areas  and  in  a  few  locations  has  developed 
solution  cavities  up  to  0.4-ft  deep.  The  porous  nature  of  the  dolomite 
should  not  cause  problems  in  terms  of  the  dam  stability. 


55 


98.  There  appears  to  be  a  slight  upward  bulge  in  the  4-ft  sand¬ 
stone  bed  (and  probably  in  the  rock  above  the  bed)  in  an  area  directly 
beneath  the  dam.  This  is  seen  in  the  cross  sections  perpendicular  to 
the  taintor  gate  dam  section.  The  bulge  could  be  due  to  a  type  of 
unloading  phenomenon  caused  when  the  overlying  materials  were  removed 
during  excavation  for  the  dam.  The  release  of  "locked  in"  stresses  due 
to  the  weight  of  ice  during  glaciation  could  also  have  contributed  to 
the  bulge. 

99.  The  joints  observed  during  the  compliance  and  scour  programs 

1  3 

are  considered  to  be  within  the  same  joint  sets  reported  previously.  * 

Reference  1  discusses  the  possibility  of  joints  participating  in  local 

failures  of  the  approach  and  lock  walls  and  of  the  dam: 

Individual  joints  could  provide  an  inclined  surface  on 
which  a  horizontal  shear  failure  could  daylight.  And 
if  the  orientation  of  joint  sets  form  possible  rock 
wedges,  then  sliding  along  the  joint  surfaces  could  oc¬ 
cur.  One  potential  sliding  mass  is  a  wedge  bound  on  the 
top  by  concrete,  exposed  face  due  to  scouring  and  two 
intersecting  cross-bed  joints.  The  formation  of  poten¬ 
tial  wedges  is  illustrated  in  Figure  5  of  Reference  3. 

Examples  of  possible  slide  wedges  are  presented  in  Reference  1.  Figure  6 

indicates  that  the  face  of  the  taintor  gates  apron  is  not  undercut  when 

the  base  elevations,  as  indicated  in  borings,  are  considered.  It  would 

be  undercut  at  gate  bays  7,  8,  9,  and  10  if  the  base  elevation  was  as 

shown  on  the  working  drawings.  The  occurrence  of  slide  wedges  at  the 

taintor  gate  dam  is  less  likely  because  scouring  is  not  as  severe  as 

once  thought. 

Lower  approach  wall, 
landside  lock  wall 

100.  Possible  weak  zones  under  the  lower  approach  wall  and  the 
downstream  portion  of  the  landside  lock  wall  are  the  fractured  and  the 
intact  rock  containing  friable  sandstone  with  shale-filled  partings, 
and  shale.  The  bedrock  under  the  upper  portion  of  the  landside  lock 
wall  and  under  the  riverside  lock  wall  is  dolomite  containing  shale- 
filled  partings  and  thin  friable  sandstone  layers. 


101.  The  recommended  design  values  for  the  fractured  rock  zones 
are  <p  =  19  deg,  c  =  0.5  tsf.  The  precut  shear  strength  for  shale  is 
given  for  this  zone,  as  it  is  the  prominent  rock  type  in  the  fractured 
zone.  The  recommended  design  value  for  the  friable  sandstone  within 
the  intact  rock  (dolomite)  is  4>  =  27.1  deg  and  c  =  5.9  tsf.  For  the 
shale-filled  partings  in  dolomite,  the  recommended  design  values  are 

<t>r  =  26  deg  and  c  =  0.  For  the  portions  of  the  walls  where  a  shale  unit 
is  considered  in  the  stability  analysis,  a  <f>  =  11.9  deg  and  c  =  3.7  tsf 
is  recommended  to  be  used. 

102.  The  fixed  dam  was  apparently  founded  on  dolomite  that  contains 
shale-filled  partings  that  are  considered  possible  weak  zones.  One  boring 
through  the  head  gate  dam  shows  the  concrete  base  resting  on  a  shale  seam 
about  0.6  ft  thick  with  dolomite  beneath.  Because  of  the  low  strength  of 
the  intact  shale  parallel  to  its  bedding,  for  conservative  design,  any 
shale  bed  should  be  treated  as  a  potential  sliding  plane  parallel  to  its 
bedding.  The  shear  strength  values  for  the  shale  are  <)>  =  11.9  deg  and 

c  =  3.7  tsf. 

103.  One  possible  weak  zone  beneath  the  head  gate  dam  is  the  weakly 
cemented  silty  sand  found  directly  below  the  concrete  in  bays  1  through 
13.  The  shear  strength  values  for  the  silty  sand  are  <p  =  27  deg  and 

c  =  0.22  tsf.  A  second  possible  weak  zone  is  the  shale  seam  found 
directly  beneath  pier  16.  A  <p  =  11.9  deg  and  c  =  3.7  tsf  is  recommended 
when  this  zone  is  considered  in  the  stability  analysis. 

104.  The  taintor  gate  dam  appears  to  be  founded  on  competent  dolo¬ 
mite.  The  dolomite  contains  thin  shale  and  clay-filled  partings,  and 
friable  sandstone  layers.  The  thin  (<l/8  in.)  shale  and  clay-filled 
partings  generally  have  less  than  100  percent  coating  on  their  parting 
surfaces,  and  the  partings  have  interlocking  asperities.  Shearing  re¬ 
sistance  along  these  types  of  partings  is  higher  than  the  shearing  re¬ 
sistance  along  a  thicker  section  of  filler  material  itself.  The  shale 
and  clay-filled  partings  in  the  foundation  are  not  continuous  under  the 
lock  and  dam;  i.e.,  continuous  in  the  sense  that  a  large-scale  failure 
might  occur  along  them.  The  partings  occur  frequently  and  randomly 
throughout  the  foundation.  A  <pr  =  26  deg  and  c  =  0  and  a  <J>  =  29  deg 


and  c  =  0  for  shale  and  clay-filled  partings,  respectively,  are  recom¬ 
mended  for  the  stability  analysis  when  these  fractures  are  considered. 

105.  Neither  the  scour  nor  the  instrumentation  borings  revealed 
any  weak  bedrock  layer  that  is  believed  to  extend  under  the  bluff  that 
serves  as  the  left  dam  abutment.  Such  a  feature  might  have  something 
to  do  with  taintor  gate  10  being  extremely  hard  to  operate.  One  feature 
found  in  the  bedrock  that  may  have  influenced  the  gate  is  the  upward 
bulge  of  the  bedrock  directly  beneath  and  parallel  to  the  dam.  The 
bulge  is  thought  to  be  due  to  rebound  when  the  overburden  was  removed 
during  excavation  for  the  dam;  also,  locked-in  stresses  (caused  during 
glaciation)  could  have  been  released  at  this  time.  The  upward  thrust  of 
the  bedrock  near  the  bluff  might  have  been  restrained  by  the  bluff. 

After  completion  of  the  dam,  the  restraining  forces  of  the  bluff  could 
have  been  relieved  somewhat,  thus  allowing  further  upward  bedrock  move¬ 
ment.  The  movement  could  have  caused,  in  part,  the  gate  becoming  hard 
to  operate.  The  ongoing  instrumentation  program  is  designed  to  study 
any  movement  in  the  foundation  as  well  as  in  the  bluff.  No  data  is 
available  from  the  program  at  this  time.  Reference  1  outlines  the  in¬ 
strumentation  program  currently  underway  at  Starved  Rock  Dam. 

Concrete  Condition 


106.  In  general  the  condition  of  the  concrete  core  recovered  during 
the  compliance  and  scour  detection  drilling  is  the  same  as  reported  in 
Reference  1.  Boring  L-l  in  monolith  11,  landside  lock  wall,  revealed 
0.6  ft  of  air-entrained  concrete,  the  result  of  recent  resurfacing.  The 
remaining  42.9  ft  is  structurally  sound  and  should  serve  its  original 
intended  purpose.  The  top  0.9  ft  of  concrete  in  D-ll  (head  gate  dam)  is 
new  and  is  the  result  of  recent  resurfacing.  The  remaining  concrete  is 
sound  with  small  areas  of  honeycombing  near  the  base.  Such  small  areas 
of  honeycombing  should  not  affect  the  structural  integrity  of  the  dam. 

The  top  0.3  ft  of  concrete  in  the  central  section  of  taintor  gate  pier  6 
is  deteriorated  due  to  freezing  and  thawing  action;  the  remaining  concrete 
in  the  central  core  of  the  pier  appears  sound  with  small  amounts  of 


cracking  and  staining  occurring  on  and  near  a  construction  joint.  The 
entire  length  of  core  from  the  fixed  dam  is  sound.  Reference  1  gives 
details  on  the  condition  of  the  exposed  and  the  near  surface  concrete 
over  the  lock  and  dam. 

107.  Taintor  gate  piers  10  and  11  were  drilled  during  the  instru¬ 
mentation  program  for  the  left  dam  abutment.  The  average  depth  of  dete¬ 
riorated  concrete  in  the  top  of  the  D/S  and  U/S  portions  of  pier  10  is 
4.3  ft.  Evidence  of  frost  damage  was  found  at  a  depth  of  5  ft.  Core 
from  the  two  borings  in  pier  10  shows  evidence  of  alkali-silica  reaction 
beneath  the  frost-damaged  zones.  Similar  occurrences  of  alkali-silica 
reaction  are  reported  in  Reference  1  for  core  from  the  head  gate  and 
taintor  gate  dams.  The  average  depth  of  deteriorated  concrete  in  the 
top  of  the  D/S  and  U/S  portions  of  pier  11  is  2  ft.  Small  amounts  of 
alkali-silica  reaction  products  were  found  in  the  core  just  below  the 
damaged  zones.  The  concrete  below  these  damaged  zones  and  in  the  central 
sections  of  piers  10  and  11  is  structurally  sound.  Three  horizontal 
borings  in  pier  11  showed  frost-damaged  concrete  to  an  average  depth  of 
1.7  ft. 

108.  Of  the  30  vertical  borings  through  concrete  in  the  lower  ap¬ 
proach  wall,  lock,  and  dam,  22  borings  showed  the  founding  elevation  to 
be  below  that  shown  on  the  working  drawings.  Ten  borings  in  the  taintor 
gate  dam  section  show  the  concrete  to  be  an  average  7.8  ft  below  the  base 
elevation  shown  on  the  working  drawings.  Consult  the  log  of  boring  sheets 
for  actual  elevations  at  specific  boring  locations.  Removal  of  weak  bed¬ 
rock  is  the  likely  reason  for  the  deeper  founding  elevations. 


Recommended  Design  Values  for  Rock 

109.  Design  should  consider  rock  and  sand  type  and  the  various 
bedrock  structural  characteristics  described  herein.  Guidance  is  pre¬ 
sented  in  the  following  tabulation  as  to  proper  choice  of  design  param¬ 
eters.  The  tabulation  is  taken  from  Reference  3  and  was  updated  with 
values  obtained  during  the  more  recent  studies: 


Friable 

Competent 

Dolomite 

Sandstone 

Sandstone 

Shale 

Characterization  Properties 

Effective  Unit  Weight, -lb/ft 

157. 0* 

127.7 

138.3 

110.4 

Wet  Unit  Weight,  lb/ft 

162.0 

140.2 

147.7 

129.9 

Compressive  Strength,  psi 

4870 

540 

4440 

— 

Tensile  Strength,  psi 

Shear  Strength 

110 

75 

175 

"k 

c=3.7  tsf 

Intact 

c=90  tsf 

c=5. 9  tsf 

c=0.9  tsf 

d>= 56° 

$=27.1° 

4>=51 . 7° 

(>=11. 9° 

Natural  Joint 

c=1.45  tsf 
(>=30. 5°  * 

c~0 

(>=38° 

Shale-Filled  Parting 

c=0 

4  =26° 

c=0.1  tsf 
4>r=35° 

c=l . 8  tsf 
<j)r =26 . 2° 

Precut,  Rock-on-Rock 

c=0. 0 

c=0. 0 

c=0. 0 

c=0.5  tsf 

4r=3l° 

>r=33, 5° 

<>r=31° 

>r=19° 

Concrete  on  Rock 

c=1.6  tsf 
<(>=63° 

c=0.2  tsf 
**♦“73.9° 

Cross-Bed 

c=22. 2  tsf 
<>=73. 1 

c=l . 1  tsf 
<>=38° 

Modulus  of  Elasticity 
x  106  psi 

1.82 

— 

2.00 

— 

Poisson's  Ratio 

0.13 

— 

k 

0.12 

— 

Shear  Modulus 
x  106  psi 

0.65 

- 

Silty  Sand  (SM)  c  =  0 

.22  tsf,  $  = 

=  27° 

tsf,  tons  (force) /square  foot 


Newer  lower  value  obtained  during  the  Phase  I  investigation. 
Values  presented  in  Reference  2. 

Recommendations 


110.  It  is  recommended  that  at  least  five  NX  borings  be  drilled 
through  head  gate  bays  17  through  30  to  determine  base  elevations. 
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Test  Results,  Starved  Rock  Lock  and  Dam,  Compliance  Phase 


stone 


ELEVATION,  FT 


SR  WES  GWB-1-77 

A 

SR  WES  GW-1-77 


SR  WES  GW-2-77 


«J  45  «  41 


SR  WES  GW-1-77 

4-9  JUNE  1177 
ClfU  TOP  OF  HOLE-  459.0- 


SR  WES  GW-1-77 
(Concluded) 


-  H/GHL  y  FRAC  ZON£ 
-CL A*  XAM 

-REEF 

-LOM  ANGLE  Eft  AC  15  ' 

-FRIABLE  SS 
PROS  MISSING  ZONE 


-D/SRLPrEC  BEDDING 


SR  WES  GW-2-77 

9  '+  JUNE  -17  7 
£l£V  rop  Of  HOL  l  •  4W  c 


-D/$f<uPn.D  arou/NG 


s-H/GH  ANGLE  EP.AC  80\  5L I C  KEN  SIDES 
y- LOW  ANGLE  FRAC  35”  Si  iCNENS/OES 
-DISRUPTED  BEDDING 
-LOw  ANGLE  FRAC  if* 

-  FRIABLE  55 

-HiGHt  Y  FRAC  ZONE 
-LOIn  ANGLE  FRAC  ^3* 

- FRIABLE  55 

-  PROS  MISSING  TONE 


B^rroM  Or  HOC  €  •  401  O' 

G’  CERE .  CORE  RECOVER!  9s 4  + 


F*tir  v  CffA 


-  h'GHij  fRuC  ZONE 


(Continued) 


LEGEND 

E3  SHALE  SEAM  SI  CHERT  NODULES 
53  DOLOMITE  [5|3  OOLITIC  CHERT  NODULES 
113  DOL  BRECCIA  E3  BEDDED  CHERT 

SANDSTONE  t— ^  OOLITIC  BEDDED  CHERT 

f- - (  CLAY  SEAM  &S  STYLOUTE 

GRAVEL  EJ3  CONCRETE 

NOTE  FIELD  LOGS  INDICATE  NO  WATER  LOSS 


(Continued) 


ELEVATION.  FT 


SR  WES  GWB-1-77 

79-20  JUO/E  7977 

el  t  v  rot  or  hole  -  ess  s' 


-PR 06  Pt/RSWG  rove 


aorWM  OP  hole  •  too  .7 


SR  WES  L-1-77 


17- X  JULY  L9T7 

elev  top  at  hole  « tato 


(Continued) 


*  1  SHALE  SEAM  1^1 1 

53  DOLOMITE  gg 

Hg  DOL  BRECCIA  B 

I  I  SANDSTONE  B 

B  CLAY  SEAM  B 

H33  GRAVEL  C3 


SR  WES  L-1-77 

tr-JO  JULY  L977 

MCV.  rOPOTHCLl  ■  ttfo 


SR  WES  L-1-77 
(Concluded) 


1 — D/SPUr’TLD  KDO/A/O 
— fFiAAi  i  $5 

—fxuste  ss 


-SMALL  f ALU r  ,  05  D/SPLACtMCLJT 

—FALASL  €  SS 

—PFLF 


yzolyl  or  v£f  ««: 


-aSPuft;  DiLL.'Yitj 


ecr  roM  of  -c.  i  -  v* 

6  '  OAl  COAL  FF  ■  t  A  '  /W* 


?e>  -tEEs 

(Continued) 


L3  shale  seam 
59  dolomite 
in  OOL  BRECCIA 
I  I  SANDSTONE 
t~9  CLAY  SEAM 
SI  ORAVEL 


LEGEND 

SI  CHERT  NODULES 
53  OOLITIC  CHERT  NODULES 

591  bedded  chert 

H  OOLITIC  BEDOED  CHERT 
®  STYLOLITE 
[\5  CONCRETE 


COMPLIANCE  PHASE 

STARVED  ROCK  LOCK  AND  DAM 
ILLINOIS  WATERWAY 


LOG  OF  BORINGS 


PLATE  2 


ELEVATION,  FT 


SR  WES 
D- 13-77 


SR  WES  D-17-77 

19-20  JULY  19  77 
UE  V  TOP  Of  HOLE  -929  2 


-  HIGRL  y  ERAC  ZONE 

-  R/GH  ANGL  E  FRAC  90' 
-PROS  MISSING  ZONE 


-HIGH  ANGLE  tSm 

-SAME  )EARt.  MGHL  r  ERA; 


(-  PROS  MISS/NO  ZONE 

V  HIGHLY  rRAC  ZONE 

V  PRO fi  M/SS/NQ  ZONE 
t-MGHLY  FRAC  ZONE 
•-ER/ABlE  55 


■  PROP  MiSrNCj  ZONE 
— M  il**  ANG  E  rRA'  .‘•S' 


-ZONE  OP  VC*  ’  rR Ac 


BOTTOM  OF  ROLE  'ROSA 
t  ’  CORE  CORE  RECnvt  R>  1 2  •» 


SR  WES  0-11-77 


SR  WES  D-16-77^ 
SRI 
0-1* 


SR  WES  D-16-77 

ZC  22  ZUL  y  19  77 
E LEV  rOPOf  ROLE  ‘42S  fc 


SR  WES  D-15-77 

.’•*  Z\  JUl  *  .9  7? 

e  i  e  v  top  nr  -■ 0iE-42t0‘ 


-  NIGH  ANGLE  fRA<  fc.V 


-  N/GN  ANGLE  ( RAC 
-SB AU  5 CARL 


i  09  Ol.\p.  A-  l  \tEN7 


-10*  AN'yjl  6  ERA'  4C" 
-  I  Qto  A NGt  E  ERA'  ZOm 
-HIGHLY  ZONE 


y  HIGHLY  FRA-  ZONE 

Vpros  rmss; no  zone 

-  SIR  A  E  A/s.'  ?'E  S 
-R/GHlV  CRAi  ZONL 
~ ZONE  or  yfRT  CRN 

- SOET  .^EO  OtfORMA?  /ON 
-ZONE  or  VCR 7  CRA 
k*  a  .  AS.  ■ 


-ZONE  Of  VER  7  EH  N 

-HIGHLY  FRAl  zone 


-r*  4Sit.  s- 

—EAL'L  T  go’.  9  /  2  tWI  A  it  Mi  N  7 


BOTTOM  OP  HOiC  *  40S~t 
6"  CORE .  CORE  RElOdRy  ?£> 


}  H/GMl  *  ERAc  ZONE  J 

}  H/GHL  y  rrtAy.  ZONE  1 
\D7bRuPTU)  BEDO/NG 
■*“ U *>  SEAM  ] 

}■  r*Ai  ZONE  i 

>  CL  A’  V  AN'i .  ERiAALf | 

J-  Nt.  71  f  FRAC  ZONE  \ 
\  -  SOFT  SEE  OEFORM0 \ 
.5  HAlE  -team  H/GAiy  / 
i  G/bRl/PTEP  Sf  DOING 
}  CLAY  ^EN'V.S  H/GBO 

>  i  OR  A N<i,  l  TRAC  ZT 


V  07  sp  or  TIE  BE  ODIN 
V-TRiABLl  .*> 

- CMSRUP  no  BE  DONG 
'y-i'RiAB.f  ,*>S 


-ZONE  <V  VERT  , 

OfkOMirf  longl 


SOrrOR  Y  HOLE  -  40?  9 
•  •~ikf  COR2  RKOWR*  9S1 


LEGEND 

EZ3  SHALE  SEAM  |j<2  CHERT  NODULES 
E3  DOLOMITE  [53  OOLITIC  CHERT  NODULES 

dol  breccia  B  bedded  chert 

□  SANDSTONE  B  OOLITIC  BEDDED  CHERT 

B  CLAY  SEAM  £*9  STYLOLITE 

GRAVEL  E]  CONCRETE 


SYMBOL 

DESCRIPTION 
6”  CORE  HOLE 


SR  WES  D-12-77 


SR  WES  016-77^) 

SR  WES 
D-17-77 


JgSR  WES  014-77 

SR  WES 
D-15-77 


SR  WES  D-15-77 

£3-25  JUL  Y  /9  7  7 
EitV  TOP  Of  HOlE'429  0' 


ts  (Of  O/SPL  A C  EMN7 ) 

ERAC  40' 

PttAC  20' 

K  ZONE 


ZONE 

w*r  erac. 

tfDRMA  T  /ON 
tr  ERAC 


-W  DISPLACEMENT 


\  highly  erac  zone 

\  HIGHLY  ERAC  ZONE 
DISRUPTED  REDDING 
'-CLAY  SEAN 
-ERAC.  ZONE 
-CLAY  SEAMS .  ERtAOt  f  SS 
-HIGHLY  ERAC  ZONE 

-  SOEE  SED  DEFORMAE/ON 

■  SHALE  SEAM.  HIGHLY  ERAC  ZONE 
^  DISRUPTED  BEDDING 

-  CLAY  LENSES.  HIGHLY  ERAc  ZONE 


-LOW  ANGLE  ERAC  2f 


-DISRUPTED  BEDDING 
h-  ERi  ABU  SS 

-DISRUPTED  BEDDING 
Y-f/fiAR.i  SS 


-ZONE  OE  HEAT  ERA*" 

-  DEM  O V /  Tt  CONGl  ON!  RATE 


SR  WES  D- 14-77 

ZE-ZG  JULY  19 7 7 
ElEV  TOP  OE  HOLS  •  A/t  2‘ 

n— t,  UAr  seam 

AQD  5S 

jP_A_  CLAY  SEAM 
42 1  -I  F1  -- A)- CROSS  BE  OS 


BOT  TOM  OF  HOLE  ~  407  f 
6*  CORE  .  CORE  Rl  COYER  Y  9. 5*A 


SYMBOL 


r  CORE  HOLE 


FERiABLC  SS 
HIGHLY  ERAC  ZONE 
V  CLAr  LENSES,  H’OH-Y  IP  AC  ZONE 

CLAY  LENSES.  HIGHLY  ERA!  ZONE 
-  PROG  MISSING  ZONE 
CLAY  SEAM.  Highly  ERAc  ZONE 
CLAY  LENSES.  LOW  ANGLE  ERAC  ZS' 
LOW  ANGIE  ERA'  '$* 

'-TRIABLE  SS 


\-,°RDG  MISSING  ZONE 
k  CLA  y  SEAM 


J -ZONE  y  YE  RE  ERAC 

\  ZONE  Of  VERT  ERA ( 

>  DISRUPTED  BE. -PING 

Y  HIGHLY  ERN  ZONE 

>  ZONE  Of  VERT  TRAC 

YERM  ZONE 

y  ERtARi.1  s> 

}  CROSS GED S  LOW  ANGU  rRA<  O' 


RDr  YAtf  .V  lE’i/  ■  l9f  r 
•" CORE,  -off  ZL.nVLKY  91% 


COMPLIANCE  PHASE 

STARVED  ROCK  LOCK  AND  DAM 
ILLINOIS  WATERWAY 

LOG  OF  BORINGS 


PLATE  3 


ELEVATION,  ET 


SR  WES  D-12-77 


SR  WES  D-11-77 

2TJWI  iJUf  /V’/ 

£ii  .  TOP  Of  -tOi l  •  **>9  0 


i  m  1  ‘V 

*•  Tyl,  }  .  .1  /.  /  '•<  V 

r  V  J  '■  '•‘W  - 


SR  WES  D-12-77 
(Concluded) 


¥W5s> 

r  *ltf 


J.  4.  V<v 

r  *‘v 

»  ,  i-./W 


(Continued) 


LEGEND 


[  shale  seam 
DOLOMITE 
BE  DOL  BRECCIA 

sandstone 

L.rj  CLAY  SEAM 
KS  GRAVEL 


J?  OOLITIC 


STYLOL 
Zj* CONOR 


SR  WES  D-12-77 
(Concluded) 


SR  WES  D- 13-77 


LEGEND 


,  SHALE  SEAM 


‘  DOL  BRECCIA 
i  SANDSTONE 


-  CLAY  SEAM 


GRAVEL 


CHERT  NODULES 
OOLITIC  CHERT  NODULES 


BEDDED  CHERT 
OOLITIC  BEDDED  CHERT 


"A-  STYLOLITE 
IV.i  CONCRETE 


COMPLIANCE  PHASE 

STARVED  ROCK  LOCK  AND  DAM 
ILLINOIS  WATERWAY 

LOG  OF  BORINGS 


(SHEET  4  oi  «i 


ELEVATION,  FT 


50  100 


200  F  T 


BORING  LO( 


5R  WES  0-37-7$ 

/  AUGUST,  I?  78 
ELEV  TCP  Of  HOLE  ■  450  6 


SR  WES  D  -  35- 78 
£6£«  JW-T.  f*78 
£X£V  : OP  OF  HOLE '  417  57' 

&m  _ _ _ 


5*  t*£S  0-3L-76 
3/  JULy  If  76 
ELEV.  TOP  OE  HOLE  -  42b  T 

ROD  fl - V^FR/A&LE  SS 

™  ^-jowr  #owz 


J-//Z  VERT  me  ,  55 

-GREY  SHALE  SEAM.  HIGHLY  TRAC 

—CLAY  SEAM 

hr  P/ABLE  55 

\-GPCY  CLAY  SEAM.  HIGHLY  TRAC 


PR/ABLE  55,  H/GHL  Y  TRAC ,  4  /  COATED 

H/GH  ANGLE  FRAC  <30’)  GREEK 
OS\Y  T/U//VG 


CHERT  BRECCIA 

HIGHLY  FRAC  GREY  CLAY  AND  SHALE 
SMALL  PAUL  TS,  90’ .  MAY  DisPL  ACEMEN  T  IS ' 
SMALL  FAULTS^  W,  .  05'  DISPLACEMENT 
HEALED  FRAC  SCT ,  GREY  CLAY  SEAM 
HEALED  FRAC '  tCT,  GREY  CLAY  SEAM 
GREY  CLAY  SEAM 

H/GHL  V  FRAC  ROCK ,  40%  GREEN  CLAY 
PROBABLE  MISSING  TONE  77%  • 

HL  VERT  AND  HORfZ  FRAC 


-  OPEN  VERT  JOINT 

-HIGH  ANQL  E  FRAC  . 45 \  OPEN  VERT  FRAC 
-HEALED  FRAC  ,  80’ 

“  LOW  ANGLE  HEALED  FRAC 
-HIGH  ANGLE  FRAC  ,  45’ 

-HIGH ANGLE  FRAC  ,  SUCRE NS/DES 
-HIGHLY  FRAC  ROCK 

-GREY  SHALE  SEAM,  HIGH  ANGLE  FRACTURES. ,  7 
-FAULTS,  Z0\  /S' D/SPL  SUCKEHSiOi 
-HIGH  ANGLE  HEALED  FRAC 

-  faults,  7S\  /  displacement 

LOW  ANGLE  FRAC  t  20' 

-GREY  SHALE,  Si  KERENS  IDES 

-  GREEK  SHALE  SEAM  SUCH  ENSILES 

-  GREEN  SHALE  AND  CLAY,  50T  a  AY. 

-  HIGH  ANGLE  FRAC  ,  SL  'CHENS /OES  , 

-HIGHLY  FRAC  ROCK  3 


BOTTOM  Of  HOLE  -  4/8  5' 

G'  CORE,  i  ORE  RECOVERY  !0O% 


BOTTOM  OF  HOLE-  4-13  7‘ 

G~ CORE,  CORE  RECOVERY  8G 7* 


BOTTOM  OF  HOLE  -  4t8  8 
(o’  CORE,  CORE  RECOVERY  100% 


SYMBOLS 


DESCRIPTION 


6"  CORE  HOLE 


Sclav  seam  gg stylc 

LOOSE  MATERIAL  gg]  CONG 
^SILTSTONE  ET]  VUGS 


i 


D-44 

D-41  \ 

■  At  V 


0-38  (§) 
0-39 


D-48  i 

-  A 

tDl5  ® 

0-49 

D-47 


LOCATION  PLAN 


SPHISO  38-78 

2  august,  :<ns 
CU V  mPO^hOlC  ■  4)0  3' 


S3  H£S  0-38-78 
4  AUGUST ,  17  78 
CUV  TOP  OF  HOLE •  432  8' 


P  CROSS  BCDS 


S3  WCS  D  40-  78 
5  AUGUST.  13  7  8 
ELtV.  TOP  Of  HOLE-  4)  '  4 
AQO  [T - P -FP/ABil  - 


—GREY  Sh'* J.'  f  -t  AM 
\  LOWAKCil.c.  rtf  Air: 

-  disrupt  e:  ftTo/vj 

'  PrABU f  • 

_  VEX" 

-  GW  •  .  r  • 
-G/?£T  El  A-  .>'  *  v; 

-  HIGHLY ’~RA  fa  4*.; 


Ucn*£st7s- 

U/WNS/DfS 


1  (-covc/errr 


-JOINT,  HOR/Z 

-(.R0SS8EDS 


C  ffC  5S  jBT0$  A.  /  55 

EE J- a /si  a /« w y 


/  Mi  SSI  Mb  ZONE 


-C#£7?T  5Pi-  :  J- 

~  GRE  y  c/  4  ^ 

-highly  o&:  «?>  /.■ 


BOTrQM  Of  HOLE'  *.  -  « 
4"  cotfr.  ro/?r  ^rcout  <?> 


BOTTOM  of  HOLE  -  423  O’ 

6" CORE t  CORF.  RECOVERY  70* 


’  vll-  r  <jH  7  roNTAzr;  GREEN  uAY  SEAM 

rf££ 

flpr  roA'  .;f  wc,_  f  4;fl  *' 

W  -^V  vf  r-Vf  R*  ■  7 V)  % 


LEGEND 

|  ST  YLOLI  T E  EE3  SHALE  SEAM  g?]  CHERT  NODULES 

I  CONCRETE  53  DOLOMITE  S  bedded  chert 

(vugs  □  SANDSTONE  H  OOLITIC  bedded  chert 


SCOUR  DETECTION 
STARVED  ROCK  LOCK  AND  DAM. 
LOG  OF  BORINGS 


PLATE  5 


E LEVA  1 1 ON  FT 


ELEVATION.  FT 


430 


425 


420 


415 


410 


405 


400 


SR  WES  D-43-78 
//  AUGUST,  1978 
ELEV  TOP  Of  HOLE  -  +30.  O' 


R QLL 


077- 


7+7-  -1 


*  \-  CONCRETE 


SR  WES  D-44-7 8 
n  AUGUST,  if  78 
ft  EV  TOR  OF  ROLE  *  410  i' 


SOD. 


-T/GHT  CONTACT,  GREEN  SHALE  SEAN 


r2b -H.L  VERT  FRAC 

-POROUS,  TOSS  DOL  FILLING  SOLN 
CAVITY  IN  DENSE  DOL 
~ DOL  CONGLOME RATE 

0- high l  y  era  c  rock,  green  clay  seam 

.-DOL  CONGLOMERATE 

-  -HIGHLY  FftAC  ROCK,  SLICKEfJSICES 
7L  -ACCF,  HEAL€D  HIGH  ANGLE  FRAC. 

^-Ooc  coAGLoHrcRATe: 

'--JOINT  +5’ 

HEALED  HIGH  ANGLE  FRACTURES 
ifH/GH  ANGLE  FRAC 
J -DOL  CONGL.  ,  REEF  FRAGMENTS 

~\-dol  conglomerate 

-POROUS  00 L  ,  WHITE  clay  SEAM 
-REEF- LIKE  CHERT  BED 
HIGH  ANGLE  FRAC  ,  SUCKFNS/DFS 
DOL  CONGLOMERATE 
p-SUCKENS/DES 

HIGHLY  FRAC.  ROCK,  SLICKENSIDES 
GREEN  CLAY  SEAM 
LOW  ANGLE  FRAC 


7VR 


is 


p^l- 


h  DOL,  METAL  PIECES 
DOL  CONGLOMERATE 
SUCKENS/DES 

-DOL  CONGLOMERATE 


-high  angle  frac 

DOL  CONGLOMERATE,  POROUS 
tMTA  YDOL  CONGLOMERATE 
Kx3r-GREEN  CLAY  SEAM 


Highly  frac  rock 
F  Reef,  Porous  dol 
WHITE  SANDY  clay  SEAM 
V POROUS ,  HIGHLY  frac  ROCK 


BOTTOM  OFHOlE -  4! I  9  ' 

G" CORE,  CORE  RECOVERY  / OOV - 


LEGEND 


BOTTOM  OF  HOLE  -  +0(,.  7' 

6"  ( OPE ,  CORE  RECOVERY  /OOV- 


E3 

m 


SHALE  SEAM 
DOLOMITE 
SANDSTONE 
CLAY  SEAM 
LOOSE  MATERIAL 
SILTSTONE 


CHERT  Ni 
S  BEDDED  i 
H  OOLITIC 
FH  STYLOLI1 
CONCRE 
ES  VUGS 


SR  WES  £>-45-78 
!4  AUGUST,  /9  78 

elev  top  of  role  *  4/8  5' 

fT^TV  COL ,  CHERT  PIECES 


SR  MS  b-  47-  78 
IS  AUGUST,  1178 
ELEV  TOP  OF  HOLE-  4199' 

RQC  | -g=g£>-£>a.  BRECCIA 


mu 


TROUS 


50  7- 


§3 


hOOZ.  CONGLOMERATE 
\-HlGHLY  FRAC  ROCK 
C-JO/MT,  SO' 

■Highly  frac  rock 


"S3Z.  -y highly  frac.  / 
TYlfDol  breccia 


(,31-  H 


^3Ds 


GREEN  CLAY  SEAM 
-DOL  CONGLOMERATE 

-DOL  CONGLOMERATE,  HEALED  LOW  ANGLE  FRAC 

highly  frac  rock 

\-DOL  CONGLOMERATE 
GREEN  CLAY  SEAM 
■POROUS  DOL 
,  GREEN  CLAY  SEAM 
r  (TEN  {,FRT  FRAC 
HIGHLY  FRAC  ROCK 


BOTTOM  OF  HOLE  -  4091' 

C, '  CORE,  CORE  RECOVERY  tool- 


y-TZS 

D-  DISRUPTED  BEDDING 


GREEN  CLAY  SEAM 
7=fcrDOL  CONGLOMERATE 


WHITE  CLAN  SLAM 

GREEN  UAY  XAMS 
M>~~ HIGHLY  EMC  ROCK  „„Tll.r. 

'POROUS  DOL;  H  L  VERT  FRACTURES 
■GREEN  CLAY  SEAM 
■DOL  CONGLOMERATE 
_  HEALED  LOW  ANGLE  FRACTURES 
YyTEEN  CLAY  SEAM  S 
DOL  CONGLOMERATE 
■GREEN  CLAY  SEAM 
'HIGHLY  FRAC  ROCK,  SLICKENSIDCS 


-HIGHLY  FRAC  ROCK 
-HIGHLY  FRAC  ROCK 


BOTTOM  OF  HOLE  =  407 T 
l-coRE  CORE  RECOVERY  1007- 


:rt  nodules 

0ED  CHERT 

J r  ■  BEDDED  CHERT 


SR  NFS  £>--48-78 
H,  AUGUST,  19  78 
ELEV  TOP  OF  HOLE  m  \ 


hCQ 


ROD. 


77  H 


prrrl 


Y-rl 


-GREEN 

-LOVY 


Hit 

lowaM 

■FAUL7M 


-HL  VEM 


DOL. 


yooL.a i 
green 
Silty  & 


BOTTOM  OF  HOLE-  40 
6" CORE ;  CORE  RECOVER l 


SR  WES  D-+8-7, 8 
IG  AUGUST,  19 78 
ELEV.  TOP  Of  HOLE-  430  2' 


E£D_ 


~1 


r  CONCRETE 


777-3  B 


\-H.L  VENT  EMC. 

SfiyES  O-W-78 

<XEEN  CLAY  SEAM  77-/8  AUGUST,  1778 

LOW  ANCLE  HE  A  LEO  FRAC  ,  'JERT  FRAC  ELEV  TCP  OF  HOLE  -  475  0' 

VERT  FRAC,  BRECCLA ,  SL/CRENS/DeS ,  LOW  AND 
H/GH  ANGLE  HEALED  FRAC  TORES,  GREEN  OR!  SEAM 
LOW  ANGLE  HEALED  FRAC,  GREEN  Cl  AY  SEAMS 
FAULTS ;  08' DISPLACEMENTS 


mo. 


-HE  VERT  FRAC. 


Tq-LDW  ANGLE  HEALED  FRACTURES 
GREEN  CLAY  SEAM 

DOL  CONGLOMERATE,  SOLUTION  CAVITIES  V DFfA 
DOL  CoNGLOMERA  TE,  HIGH  ANGL E  HEA LED  FRACTURES 
GREEN  CLAY  SEAM 

SILTY  GREEN  SHALE  IN JEC  TED  INTO  DOL 


BOTTOM  Of  HOLE-  4-08  Z' 

G"  CORE,  CORE  RECOVERY  !D0> 


C01*  J 


\-DOL  .CHERT  METAL  PIECES 
■DOL.  BRECCIA,  HL  VERT  FRAC 


$[•£3- REEF,  POROUS.  DOL 

VERT  FRAC,  SUCHENd DCS,  H.L .  VERT  FRACTURES 

\-DOl  breccia,  Porous 

■HIGH  ANGLE  FRAC,  SUCRE  NUDES 

771  \-dol  conglomerate 

3s;  3- HIGHLY  FRAC  ROCR 
r  71  CtJV/NT,  8tr,  CLAY  COATED,  SUCRE  NS  I  DCS 
Jr  HIGHLY  FRAC  ROCR 
'SL  /CHENS  IDES 

' DOL  BRECCIA,  POROUS.  FEE  EPECE 
■DOL  BRECCIA 
GREEN  CLAY  SEAMS 

■DOL  BRECCIA  IN  SS  MATRIX  INJECTED  INTO  004- 

-reef  „  . 

GREEN  CLAY  SEAM.  H.L  VERT  CRN 
" HIGHLY  FRAC.  ROCK 

''TONE  OF  H  L  VERT  FRAC. ,  CLAY  FILLED  VUGS  — 
-POROUS  LAYERS  IN  DOL 
-GREEN  CLAY  SEAMS,  DOL  BRECCIA 


BOTTOM  OF  HOLE  -  403.  5' 
to' CORE,  CORE  RECOVERY  1001° 


SCOUR  DETECTION 
STARVED  ROCK  LOCK  AND  DAM 
LOG  OF  BORINGS 


J 


430 


425 


420 


415 


410 


405 


400 


PLATE  6 


ELEVATION,  FT 


ELEVATION,  ft 


W*t'  0  -  1 

ft  i.  MKtii'  '  *  '0 

Uc.  -y  >  *  •  42.  ■ 


k-j  ■ 

&. 

LmJ  m/i£\  .14!  U*” 

**f*  s<r-  -a-  aa*  .  *«  jrf 

:  t:  '4  ■  -*  • " 

.  T  -."f-  sir- 4Av  -i 


s‘  *<v  •*« 

L’V:  J-  *<*/.  '-fw.  : 

VA*«*  x 


nwr  -  -c  •*■ 

r---  •;*«/« 

.  if  ■ 


S|  |  trA-Jl  Ty  ...  r-.iftACfMfMT  $ 

\tflrrA8if  $5 
J-«/f7  AW£ 

J-r  (mca  '  .■* 

U~  »  flW‘.  ST :  *. 
j  i-  .**'  fK* 

H-  .  w  «>_* ,  sc*  v  ■-*-*» 


£.V. 

Jr-^fiv  .  -j  v 


•  Wifi  *Uj»  j 

✓£.*  ’  'V 
-*•<*..>  AM,  mrs 
~W(  rv  spr  fffA  ' 

•  i*lf  \  j.a>  Ww 


r  t 'tiHW,*!  A 

-  y* ;  V  J'  VAV 

r  /  55 
l  **r  r»A 


*-»•  ■<•  (JV 

1  " .  D  "'#*•■'  •  v*  ' 

(•  •  -r  .*>:<  *V.‘  AVV  V. 


g/E!" 


hr&'-Dto-  umclOMHU 

fT>L  JCA7  >*a- 

V."-  X  Sl  -i.  ABN i.&£i 

U  +j-^tk  6#  *  MK’  # 

CL^V  SXk 

Yy&'&tt"  -^y  y<4v  A..  v.{ 
|  4"‘  i.  Atkf 

I'-./.f-J.  f  Jrf<v  VMS 


>-  6A/5  >£**■  j.’W'AVi.y  '<■*  'JW  ' 


fHA iAtfv’ 
i  %  .>>  i£*v 

-!:.'1>- «</  w*5.  .Y-t 

up  ww ; :«r*r 


7?%  ■  rr1  J'  ’  '  "  • 

:*j£  j-  woi-s  orv 

£fe'?? 

?■;  ,v- 


f.  J  SHA1.E  se  a  m 
B^jDOl  OMiTF 

CJ  sandstone 

F — jr-L  AY  Sf  AM 
IS?'.  OOSf  MAURtA i 


P-flCHEBT  NODULES 

t»-3  BE  DOE  D  CHERT 

f-H  OOLITIC  BEDDED  chert 

|*i*!  ST  YL  OLM  E 

!?•;]  CONCRt  TF 

f#  V]  VUGS 


k  55  irf-  5*'»v  AVf .  *  LA>i*lC  OPi 


SCOUR  DETECTION 
STARVED  ROCK  LOCK  AND  DAM 
LOG  OF  BORINGS 


PLATE  7a 


mam*** 


SR  WES  0-57-78 
M-16  SEPTEMBER.  1978 

tLEV  TOP  Of  HOtt  46.' 4 


SR  WE  S  O  SB  79 
•6  20  SEPTEMBER  19/8 


SR  WES  D  59- -79 
18-21  SEPTEMBER  1978 

ti.tV  TOPOl  ’-011  *67  4 


BliHrMi'f  vmi(  W6  ' 

rj<nt  CO»f  "FCOVfR*  *t 
■it*  Bf  *■  IBS  •00*< 


STARVED  ROCK  lOCK  AND  CAM 
IIUNOIS  WATERWAY 

LOG  OF  BORINGS 


PLATE  7b 


ELEVATION,  FT 


440 


SR  WES  D-64-79 

25-27  MAY,  1979 
EL  TOP  OF  HOLE  =  432.8 


SR  WES  D-62-79 

21-23  MAY.  1979 
EL  TOP  OF  HOLE  =  433.72' 


SR  WES  D-65-79 

30  MAY  ■  31  JUNE,  1979 
EL  TOP  OF  HOLE  =  4292 


Sotuno*  tA</n<a  rmaXftou r  c o*c 


BOTTOM  OF  HOLE  =  4129  ' 

NX  CORE,  CORE  RECOVERY  100% 


BOTTOM  OF  HOLE  =  414  62 
4"  CORE,  CORE  RECOVERY  100% 

LOST  WATER  ALONG  ENTIRE  LENGTH  OF  CORE 


BOTTOM  OF  HOLE  =  412.8  * 

NX  CORE.  CORE  RECOVERY  100% 


LEGEND 


PROBABLE  MISSING  ZONE 


SHALE  SEAM 


[7J  SANDSTONE 
P-^1  CLAY  SEAM 
frll  CONCRETE 

BEDDED  CHERT 
[%^|  CHERT  NODULES 
HI  SAND.  SILT.  ORGANIC  MATERIAL 


440 


irr 


SR  WES  D-65-79  SR  WES  D-63-79 

30  MAY  •  31  JUNE.  1979  28  MAY.  1979 

EL  TOP  OF  HOLE  =  4202  EL  TOP  OF  HOLE  =  429.2 


BOTTOM  OF  HOLE  =  411.7' 

NX  CORE,  CORE  RECOVERY  100% 


MAJOR  REHABILITATION.  ADDITIONAL  BORINGS 

STARVED  ROCK  LOCK  AND  DAM 
ILLINOIS  WATERWAY 

LOG  OF  BORINGS 


430 


420 


410 


PLATE  7c 


ELEVATION,  FT 


ELEVATION,  FT 


r> 

L. 


| 


I 


HOC" 

|p«*l  fHAC 


SR  WES  D-66-79 

1-5  JUNE.  1979 
EL  TOP  OF  HOLE  =  409.0* 


Q-  &*tfH  CL»*ti  is ,  acchm*** 
u«>i>  /•*  it 
f-Vff.  uAtlr  « 


**CbA» L€  *«li'  •/»  ZOKt 

y  shal£  sc* a»  jhac 


uftt^  Jr  am 


Ml* HI  Y  r*AC  *f*.* 


mo  HU  (HA <  APUC 


BOTTOM  OF  HOLE  =  422  7 ' 

8  '  CORE  CORE  RECOVERY  95* 


SR  WES  D-61-79 

18-22  MAY.  1979 
EL  TOP  OF  HOLE  =  469.(7 


ig 

1 

yun  — 


■  ClAr  WNO  C O' '  ‘ 

BOTTOM  07  HOLE  ;  421  35' 

NX  CORE  CORE  RECOVERY  100% 
LOST  WATER  *42  45  to  421  35 


470 


460 


450 


440 


430 


420 


MAJOR  REHABILITATION.  ADDITIONAL  BORINGS 

STARVED  ROCK  LOCK  AND  DAM 
ILLINOIS  WATERWAY 

LOG  OF  BORINGS 


PLATE  7d 


ELEVATION,  FT 


ELEVATION,  FT 


SR  WES  D-69-79 

12-14  JUNE.  19?9 
EL  TOP  OF  MOLE  =  469  0 


BOTTOM  OF  HOLE  =  420  0 
r  COPE  CORE  RECOVERY  90  7% 
LOST  WATER  443  1  to  420  O' 


.1  .MWIRJUIWI. 11 


SR  WES  D-70-79 

18-20  JUNE.  1979 
EL  TOP  OF  HOLE  =  469  O' 


470 


460 


450 


440 


430 


BOTTOM  OF  HOLE  =  424  V 
NX  CORE.  CORE  RECOVERY  90  OS 


420 


MAJOR  REHABILITATION  ADDITIONAL  BORINGS 

STARVED  ROCK  LOCK  AND  DAM 

ILLINOIS  WATERWAY 

LOG  OF  BORINGS 


PLATE  7e  ,1 


ELEVATION,  FT 


SR  WES  D-72-79 
24-26  JUNE  1979 
EL  TOP  OF  HOLE  =  469  0 


SR  WES  D-74-79 

29  JUNE-2  JULY.  1979 
EL  TOP  OF  HOLE  =  469  O' 


BOTTOM  OF  HOLE  =  4/36 
NX  CORE  CORE  RECOVERY  86  3% 


BOTTOM  OF  HOLE  =4  23 
NX  CORE  CORE  RECOVERY! 


i  : 

nm 

ARMY  ENGINEER  WATERWAYS  EXPERIMENT  STATION  VICKSBURG— ETC  F/G  13/13 
CONCRETE  AND  ROCK  TESTS.  MAJOR  REHABILITATION  OF  STARVED  ROCK  L— ETCCU) 
APR  80  R  L  STOWE.  B  A  PAVLOV 

WES/MP/SL-BO-6  NL 

■  ■ 

1 

1 

I 

1 

t . 

II 

L 

J 

■ _ 

ELEVATION,  FT 


SR  WES  D-76-79 

10  JULY.  1070 
EL  TOP  OF  MOLE  =  44&!> 


SR  WES  D-75-79 

S-9  JULY,  1070 
EL.  TOP  OF  HOLE  =44  3.1 


-  MMO.  i/L»  At**/*  m*Tt*L*L 


-  SAM I  ULTt  OIMIK  «4nw«. 


-SKoSwr  M/ss/Mt  tom 


-WHITE  TO  iffy  F/VAtlfSS 


yam  VfKTKAL  nACTiHKS 
—SAM6 


"•>*r\cuv  sfAM  <*  o>- 
wj  TKAC  SS,  UAY 

-n*N.y  a*»c  4*fTN  smA  ttm 
SSL  "4cta 

13  n* c  Mrrv  malm  WM 

«4»i4F  JCAM 


U  MAC 

yiT  CACtH  TO  */£v-<HT/V  fAiAAlt  U 
*>*■•*  6*A/t/f6 


SHAlt  SCA*.  frV 

t-SH*Lt  SKA  I*  IAt  ■ 

Vtr 

Shaw  Uams,  <a*'  CAOt 


BOTTOM  OF  HOLE  =  430.3 
0“  CORE.  CORE  RECOVERY  100% 


BOTTOM  OF  HOLE  *  420  5 ' 

6"  CORE.  CORE  RECOVERY  96.0% 


LEGEND 

[--]  SHALE  SEAM 
DOLOMITE 
SANDSTONE 
f-—|  CLAY  SEAM 
P~^|  CONCRETE 
|— BEODED  CHERT 
\\+\  CHERT  NODULES 


SAND.  SILT.  ORGANIC  MATERIAL 


00  PROBABLE  MISSING  ZONE 


WHO*  REHABILITATION.  ADDITIONAL  B0RJN09 

Starved  rock  lockand  dam 

ILLINOIS  WATERWAY 

log  of  borings 


PLATE  7s 


ELEVATION,  FT 


yj"t  DOLOMITE 

LIMESTONE 

m  SAND 

BACKFILL 

WOOO 

t  r  \  SILT 

C  GRAVEL 

SANOSTONE 

feagj  SHALE 

V.»a  BOULDERS 

l»  ^  »J  CONCRETE 

REEF 

SHEW  STYLOLITE 

CHERT  NOOULES 

SYMBOL 

PROPOSED  DESCRIPTION 

A  COMBINATION  DRIVE 

“  SAMPLE  AND  CORED 

@  •"  CORE  MOLE 


IN  BACKFILL 
IN  UPPER  POOL 
IN  LOWER  POOL 


•SACSR-5 

▲ 


SR  WES  D-12-77 


SACSR-6  A 


A' 

_ * 


>R  WES  D-16-77®L 
SR  WES  0-17-77™ 


SR  WES  0*14-771 


SR  WES  D-12-77 


(SR  WES  0-15-77 


SACSR-5  *• 


hSM.SE4M.Cl  lenses 


I  SR  WES  0-17-7 
SR  WES  D-ia-77”^. 

II  H 


S-  SEA  M  -C  XO 

fa  ul’-cv.v 
h  e-RAC  -C- .• 

H  PR  AC  -C‘.‘  • . 
Si  E NSloil ^ 


SR  WES  D-15-77  *V 

II  I 


jir  eo'-£/’j;J 


SR  WES 

!’i,>  D-14-77*^ 

1  CL  SE  AM  Cf?V 

§  5  /Cl  iFnsfvI*'.! 
3  5*  V  «er  ac 
*E  £2  /cl  seam  .r  3s 
3  H;  I  *  frac  j  jk ‘JX 

52  S  ci  i  e nsf  J  2 


tiiPcf. 

■  ;;  _/sh  seak<\  j 
\h  frac  )  g 

It-”*  /cl  lenses\1C 
\;  f»ac 


VjtlA.O 
aRfCC  A  -^2 


SECTION  A-A’ 


I  UMESTONE 


SANDSTONE 
|  CONCRETE 
I  CHERT  NOOULES 


SYMBOL 


PROPOSED 


COMPLETED 


COMBINATION  ORIVE  A 

SAMPLE  ANO  CORED 
r  CORE  HOLE  A 


comwamui 

STARVED  NOCK  LOCK  ANO  DAM 
ILLINOIS  WATERWAY 

GEOLOGIC  CROSS  SECTION 

SECTION  A-A* 


ELEVATION.  FT 


ELEVATION.  FT 


SR  WES 
GW^1-77 


SR  WES 
GW-1-77 


SR  WES 
GW-2-77 


SACSR-2 

▲ 


Jfl  I  «  I  M  I  « 

SAcSr-3 


ci«im»iM 


SR  WES 
GWB-1-77*- 


-SR  WES 
GW-1-77 


SR  WES 
GW-2-77 


SACSR-2*  SACSR-3* 


0]  j;*- 

3  • » 

n;;:e  .:♦> 


?i:-'  l*?-i 

>  ,•  :«*»  -hi 


TRAC 


LEGEND 

DOLOMITE 


EHIII3  CLAY  DOLOMITE 

F  1  sano  FavTI  BACKFILL 

SILT  C  V.N  GRAVEL 

SHALE  |g?B  BOULDERS 


ESJ  REEF 
IN  BACKFILL 


3? 


_j5r2E  breccia  ^ 

*♦*.*:  H  frac 

i‘.V.  Z>  BRECCIA 


ilpl 


sH 

7 

i  Y  H.  FRAC 

|J - 

Z 

z 

S>  H  FRAC 

z 

X 

r 

if 

,  '  | 'A  - 


? - 7-' 


LIMESTONE 
^8  WOOD 

SANDSTONE 
FTT3  CONCRETE 
Ev3  CHERT  NOOULES 


PROPOSED 

A 


SYMBOL 

SCRIPTION 


SECTION  B-B' 


DESCRIPTION  COMPLETED 

COMBINATION  DRIVE  A 

SAMPLE  AND  CORED  “ 

•-  CORE  HOLE 

■OP**3  and  PIEZOMETER  S 


SYMBOL 

PBOPOSED  description  completed 

A  COMBINATION  DRIVE  A 

A*  SAMPLE  ANO  CORED  m 

@  «-  COM  HOLE  1$ 

5  BORING  ANO  PIEZOMETER  Z 


COMPLIANCE  PHASE 
STARVED  ROCK  LOCK  ANO  DAM 
ILLINOIS  WATERWAY 

GEOLOGIC  CROSS  SECTION 

SECTION  B-B’ 


PLATE  9 


ELEVATION,  FT 


1571  CONCRETE 

gg  LOOSE  MATERIAL 

SYMBOLS 

53  dolomite 

£3  BEDDED  CHERT 

H3  DOLOMITE  CONGLOMERATE 

^3  OOLITIC  BEDDED  CHERT 

PROPOSED 

DESCRIPTION 

COMPLETED 

E3  SHALE  SEAM 

(39  FAULTS 

A 

COMBINATION  DRIVE 
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In  accordance  with  letter  from  DAEN-RDC ,  DAEN-ASI  dated 
22  July  1977,  Subject:  Facsinile  Catalog  CaTds  for 
Laboratory  Technical  Publications,  a  facsinile  catalog 
card  in  Library  of  Congress  MARC  foraat  is  reproduced 

below. 


Stowe,  Richard  L 

Concrete  and  rock  tests,  major  rehabilitation  of  Starved 
Rock  Lock  and  Dam,  Illinois  Waterway,  Chicago  District, 

Phase  II  compliance,  scour  detection  /  by  R.  L.  Stowe, 

B.  A.  Pavlov.  Vicksburg,  Miss.  :  U.  S.  Waterways  Experiment 
Station  ;  Springfield,  Va.  :  available  from  national 
Technical  Information  Service,  1980. 

61,  [7]  p»,  [66]  leaves  of  plateB  :  ill.  ;  27  cm.  (Miscel¬ 
laneous  paper  -  U.  S.  Army  Engineer  Waterways  Experiment 
Station  ;  SL-80-6) 

Prepared  for  U.  S.  Army  Engineer  District,  Chicago,  Chicago, 
Illinois. 

References:  p.  61. 

1.  Concrete  cores.  2.  Concrete  tests.  3.  Core  drilling. 

4.  Rock  cores.  5.  Rock  foundations.  6.  Rock  tests  (Laboratory) 
7.  Starved  Rock  Lock  and  Dam.  I.  Pavlov,  Barbara  A.,  joint 
author.  II.  United  States.  Army.  Corps  of  Engineers.  Chicago 
District.  III.  Series:  United  States.  Waterways  Experiment 
Station,  Vicksburg,  Miss.  Miscellaneous  paper  ;  SL-80-6. 
TA7.W34m  no. SL-80-6 


